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PROF. HUXLEY IN AMERICA. 



Tlie Btflv of Prof. Thomas JI. Hiixloy in tin's 
iM)Ti:itvv hjiJ* b«.*<*ii DO'/cssarily ])rief. His on- 
^a^ri'iiifiit for a (;<»ur.«H* of Icctiiri'.'^ before the 
Royal ^School of Miikn;; rorniiies his return to 
tii^'laiid by Get. 1. But short as has b.'C'u his 
btay wiih us, it has allbrded several oi)i)oiiuiii- 
ties for heariiij; him — more, iu fart, than were 
hop: d for when the visit was livn pnjjected. 
It has also be<'U of marked service to srienee 
m this e^iuutry. by callin*; publu- attention to 
the vi'.lue of our geological treasures. Soon 
uft<rhis ariival Prof. Ilnxh^y went to Xew- 
Ilaven, and theixi spent Heveral days in a eare- 
\'i\] cc.iuiir.ation and study of the fu'Hviis from 
tile \Vt ^^ v.liirli have been obtained by I'ruf. 
^:.;:^h in i'XjKdititms alrea<ly faniili.ir to Tki.'j- 
I'm: reatuis. These fos-*ils have a inmt.Ii '»• 
valuv. They show that in I'a^t pi'iioily. ::i:ii:i;'.l< 
exi>t<Hi whos<» forms were internvMiiale b* \\« e!» 
tlio.-H' alrea<ly known. Not only are V.i'- i:;:n; 
'.•etween aperies thn.s filled, but t!ie m \v r.»;ir,-v 
are foui^l in the rocks in a regular onln- ai' 
j;ro^':reshi<»:i. To Prof, llnxl.'-y, a lirni believe 
jL and ;»dvoeate of the theory ot Kvcjiutio!:, 
T.i». KC di.>*<'ovenes of Prof. Marsh were of tie.' 
hi.jl.e.'t inti'iest. Nothin.:; bhoit of hi.-; own 
personal examination of the siM'cimeus would 
T/ (d ably h:;ve satisfied so careful an observer 
ns i i.).". Hr.xley. Favin-.^ made that ex.jmi!i:i- 
ti'in, luMh-eLu-es that *' tht^ reaJlty very far e^:- 
*<'eed.;<l Ii s an(ieip:ition." He re.^a!ds this now 
^^^('s of facts a** establishing the theory of Kvj>- 
hilion u; on an imprefoi able basis. To make the«' 
facts public, and to display their impoitinc^j as 
aflbrdinK data for oaitb's history, wore among 
Um chief objects of his lectures in New- York. 



Prof. Huxley was present durin*? t.hc Buffalo 
meeting of tlio Anu'rican Associ.itiovi for tho 
xVdvancement of Science, and share«l in the 
abundant lio.-;pitality which made that a 
niemoraljlo occasi(»n, bei'ig Inmself the most 
proniiMcnt figure; in that as-ienddy of scientitio 
workers. He sliortly alKrrward visited Niagara 
Falls, where he iiuMb* some valuable observa- 
tions which he subsequently embodied in an 
address delivered at Nashville. At the opening 
<d' the Johns Ho])kins lTiiiver<ity at Baltimore, 
Prof. Huxley gav^; an interesting and suggestive 
expo-iition of his views respecting the inanago- 
ne'iit ami methods of su;*h an i:i-<itutii>n--view3 
(»i' vabu' on account of hU exp'-iieoc** iu edu- 
cational af'airs. It will be ii'iliced thiJ. iu all 
I he .s3»ec.*'i"s ami addirs<es m-.'de by Prof. 
]!ir:ley in Ibis countiy j..i'.l givt-n in full in thin 
ivvlra, •:•' ]ja i ina-'i" h.;i:c* ili:«t r. l.".<(» to Ain»*r!c;i 
a >■'.»■ ^'l•'i^v, 

!»• :•• ! ; in Prof. [luJi'vis riiilnr above the 
iiit'ilijiiii i:i 'ill ; of birue Ir.inif, but sp.»re. 
lie sf'»o]vs sliglitlA. as if li;!bifu;illy engnged iu 
t^iou.ult. 1 1 is f(?iiTu;.'s iirr proinim'nfc and bear 
an e.\ predion of en^ivy in n-pns'*. His hair 
and whi-keis arc iron gray. IJi- s])."aks witliojit 
nnnn-"r;pt or noies of .r-iv kimi, and never 
piepan'S the pniaM'oh^^y of his addresses in 
:idv:'i'<M* of their delivery. His manner of 
speakini: i-^ <]iii;<'. .'<i?np!-* and si raigh.t forward, 
with none <d' thf gestures or arls of oratory. 
His delivery is slow ami di.-^tinct, being the re- 
nd t of a h:ird and successful effort in the early 
part of his car<H>r lo bix'uk off a previous Iiabit 
of rapid speaking. 
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IMPRESSIONS OF AMERICA. 



PROF. nUXLErS SPEECH AT BUFFALO. 

BKITISn NOTFOXH OF THIS COUNTRV MODIFIKD AF- 
TF.K AIJUIVAL IIKRE— COMPARISON BKTWEKX 
AMERICAN AND ENH'.I.l.Sn WOMKX— 1 HE WORUVs 
HISTORY niiCORDED IN TUE BOCKS OF THIS 
CONTINENT. 

Prof. Hiixley was prosont at the Buffalo mocting 
of the American Association for the Advanceinent 
of Scieneo. On the morning of Friday, Ang. 2.j, ho 
was introduced to the AMSociatiou in a few fittingre- 
niaricA by the President, Prof. Wm. B. Rogers. Prof. 
Huxley replied as follows : 

Mr. I*resii)ent and Ladies and Gentlemen of 
THE American A^^sociation for tue Advance- 
ment of Science : Permit me, in the first place, to 
offer yon my most hearty thanks for your exceed- 
ingly cordial— I will not say unexpcctetl— welcome, 
hecause ever>-thing T have experienced in America 
since my landing has been something of this kind. 
But I thank you for this hearty welcome. You will 
forgive me if m3* words are inadequate to express 
how much I feel on this occasion. I am not by na- 
ture a man of many words, and have thought the 
highest eloquence was in condensing what one 
has to say. I have been told that it would 
ho gratifying to yon to have mo say some- 
thing, but emotion will make my speaking 
a diflicult task. Also, I have no scientilic matter es- 
pecially to commiinicat4?i here ; and I am quite unpre- 
pared to occupy your attention on such an occasion 
as this. Since my arrival in America I have dis- 
covered that the great instinct of curiosity is not 
altogether undeveloped among you. I experienced 
something of this at the time of my lauding, by 
heing interviewed by two active and intelligent 
ropTOsentatives of your press. Thej' were good 
enough to put before me in writing a series of inqui- 
ries of diM^pest and most ])rofound interest, each of 
■which would require a treatise in reply ; and I am 
afraid I had to dismiss them with scant courtesy. 

It may satisfy this curias ity if I slate briefly some 
of my gi*ncral impressions of this country. Since 
my arrival 1 have learned a great many things, 
more, I think, than ever before in an equal spaco of 
time ill my life. In England we have always t-aken 
a lively interest in America, and have our occasional 
controversies with her; but I think that no English- 
man who luis not had the goo<l fortune to visit this 
country eau form a real idea of what that wonl 
America means. We have no adequate idea of the 
extent of your country, its enormous resources, the 
di^taneea from center to center of population, 
and wo least of all understand how identi- 
cal is the great basis of character on both 
Bides of the Atlantic. A friend of mine in 
Enuland went ahroad for the purpose of seeing for- 
«*ign countries, and has come to America. 1 have 
"^n talking with him since my arrival here. He 
■ S ** I cannot find that I am ahroad." I am sim- 



ilarly impressed. The great features of your conn- 
tn^ are all such as I am familiar with in parts of En- 
gland and Scotlan(L Your beautiful Hudson re- 
minds me of a Scotxsh lake. The marks of glaciation 
in your hills remind me of those in Scottish high- 
lands. 

I had heard of the degeneration of your stock 
from the English type. I have not perceived it. 
Some years ago one of 3*our most distinguished men 
of letters, equally loved and admired in England 
and America, expressed an opinion which t<m(-hed 
English feeling somewhat keenly— that there was a 
ditVerence hetween your women and ours after 
reaching a certain age. He said our English women 
were " beefy." That is his word, not mine. Well, 
I have studied the aspect of the people that I have 
met here in steamboats and railway carriages, and I 
meet with jiLst the same faces, the main difference as 
to the men being in the way of shaving. As to stature, 
perhaps your men have rather the best of ours. 
Though I should be sorry to use the word which 
Hawthorne did, -yet in respect to the size of your 
fine portly women, I think the average here fullv as 
great as on the other side. Some people talk of the 
injurious inlluence of climate. I have seen no trace 
of the "North American tMie," to which, it was 
said, yon were reverting. You have among you the 
virtue which is most notable among savages, tliat of 
hospitality. I have visited your wigwams— and 
they are pretty good wigwams too. You entertain 
us with youi best, and not only give us a good din- 
ner, but are not quite happy unless we take the 
spoons and plates away with us. 

Another feature has impressed itself upon me. I 
have visited some of your great nnivei'sities, and 
meet men as well known in the old world as in the 
new. I find certain differences here. The English 
universities are the product of Government, yours 
of private muuiticence. The latter among ns is 
almost unknown. The general notion of an En- 
glishman when he gets rich is to found an estate and 
benefit his family. The general notion of an Amer- 
ican, when fortunate, is to do something for the 
good of the people and from which benetlts shall 
continue to flow. I need hardly say which I reganl 
ns the nobler of these ambitions. 

It is commonly said there are no antiquities in 
America, and you have to come to the otd world to 
see the ])ast. That may he, so far as regards the 
tnimi)ery 3,000 or 4,000 years of human Jiistory. 
But iu the larger sense, referring to the tinu^s iH^foio 
man made his momentary appearance on the iiIoIh*, 
Americ-a is the country to study antiquity. I con- 
fess that the reality has somewhat exceeded my ex- 
pectations. It was my great good fortune to study 
in New-Haven the excellent collection ma^le by my 
good friend. Prof. Marsh. There does not exist in 
Europe anything approaching it as roganls exton t, 
and the geological time it covers, and the wonderf id 
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light it throws on the prohlem of evolntioiiy which 
haa boen so ably discussed before you by Prof. Morse, 
aud wliich has occupied bo much attention aince 
Darwin's great work on species. Before the crathering 
of such materials as those to which I have referred* 
evolution was more a matter of speculation and argu- 
ment, though we who adhered to the doetrice had 
good grounds for our belief. Now things are changed, 
And it has become a matter of fact and history as 
much as the monuments of Egypt. In that collection 
are the facts of the succession of forms and the his- 
tory of their evolution. All that now remains to be 
SAked is how the development wasclTected, and that 



is ft subordinate question. With such matters as 
this before my mind, you will excuse me if I cannot 
find thoughts appropriate to this occasion. I would 
that I might have offered something more worthy. 
I hoi>e that your Association may do what the British 
Association is doing— may sow the seeds of scientifio 
inquiry in your cities and villages, whence by a pro- 
cess of natural selection those minds best fitted for 
the task may be led to help on the work in which we 
are all interestedi Again I thank you for your ex- 
cessive courtesy* and, I may almost say, affectionate 
reception. 



TESTIMONY OF THE ROCKS. 



PROF. HUXLEY'S LECTURE AT NASHVILLE. 

CDAKACTKR OF THE RECORDS BENRATH THE SUR- 
FACE— IHEIB CERTAINTY AS COMPAUFJ) WITH 
HUMAN TRADITIONS -- VALUE OF SCIENTIFIC 
KNOWLEDGE TO A COMMUNITY. 

On the evening of Sept. 7 Prof. Huxley delivered 
% lecture at Nashville, Tenn., to a large audience. 
He was introduced by Dr. T, O. Summers, jr., as fol- 
lows: 

The appearance of the distinguished visitor before 
you to-iiight 18 an event of no ordinary occurrence 
in the annals of our city. We welcome him to our 
midst, and tnist the magnetic influence of his per- 
son and his si>cech mav awaken impulses which have 
been already kindled by the electnc fire of his ready 
pen. No eulotnum is needed from me. Upon this 
occasion an introduction is a grand impertinence. 
It is therefore to me a profound pleasure, as it is a 
distinguished honor, to present; to you, without fur- 
ther n^marks, the great apostle of modem science, 
Thomas Henry Huxley. 



THE LECTURE. 

Prof. Huxley said : 

Ladies and Gentlemen : When I left England 
Bome five weeks ago, I did so with very many deter- 
mined resolutions as to the manner in which I would 
spend my holidays in the United States. Having 
Just completed a season of long and laborious work 
of various kinds, I was moi'e than willing te look 
upon this journey of mine as one in part dictated by 
the desire to renew family ties which hod been in- 
terrupted, though unbroken, for a space of the 
ordinary life of a generation of men. I found, how- 
ever, it would not be best for me to leave this country 
without addressing an audience of Americans, though 
it certainly did not enter into my plans to have the 
honor of maldng an appearance before the citizens 
of Nashville. The signal kindness and courtesy, 
however, with which I have been received here, 
would have prevailed upon me ; indeed, it would 
have been unbecoming of me not to have met your 
wishes in any way that would have been practi- 
cable ; and, therefore, seeing that it is your strong 
desire that I should address you, I have undertaken 
to do so this evening. 



I think I made that engagement with the proviso 
that I had no set speech or address to make, and 
that all I would undertake to do would be to com- 
municate to you such observations and such rcfiec- 
tions as had suggested themselves to me during my 
unfortunately brief residence here. I find myself in 
what I believe is the principal city (I speak under 
correction) of a State the area of which is not far 
inferior to that of England, and which possesses 
within itself a variety of surfaces which is only 
paralleled by that which we find in England— « 
diversity of geological formations only to be foond 
in the same surface of my native country— and 
blessed by nature with singular fertility, liter- 
ally a land flowing with milk and honey, pro- 
ducing upon the greatest scale those cereals which, 
with cattle and sheep and the like, are the main 
support of man ; a land which, in addition, possesses 
an unequaled mineral wealth— fields of coal which, 
as I understand, equal in area those of the mother 
country; inexhaustible resources in iron and copper 
and various building stones' and minerals; and 
which, also, carries within it^ielf all those variations 
of temperature, climate — perhaps a little warmer 
than we Englishmen are accustomed to — which are 
needed to create a groat and wealthy population. 
In my visits to the institutions of your city, I have 
become acquainted with your admirable schools, 
have seen there expressions of intelligence upon the 
faces of the children and the young men and women 
who are being educated; I liave seen enough of 
your iK)pulation to convince me that, in addition to 
those material resources, those possibilities of wealth 
and well-being, there is that human element of in- 
telligence and labor which is needed to stir Jsuch 
resources to sufficient development. Whether, un- 
der these circumstances, the wealth placed at your 
disposal is to be turned to its best account, must 
undoubtedly depend upon the education which you 
are giving your young people. My brief inspection 
has enabled me to say that, judging by all the stand- 
ards, the education is such as to produce ~I will not 
say produce intelligence, for one cannot do that-* 
to cultivate the intelligence which may be pot* 
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Bessed. I have been glad to see that an indispensa- 
ble element of that education is a training in the 
elements of the physical sciences. I don't know 
how far your edncation is carried, but I can under- 
take to say this much— that while a thorough and 
eAicient development of your resources must depend, 
other thinffs being equal, on the diligence, the gen- 
eral activity of your population, it is also true that 
the development must depend upon the thorough- 
ness and completeness of instruction in the elements 
of the physical sciences which is given to the masses 
of your iK)pulation. Whether it is important to the 
development of your agriculture ; whether it is im- 
portant to the development of your mineral re- 
sources; whether it is important to the development 
of your mines ; whether it is important for improving 
your means of transportation, or under whatever 
other aspect you choose to consider the means by 
which these resources can be brought to their full 
account, a little reflection will convince you that 
the development of these resources turns entirely 
Upon the inteUigent application of physical science, 
whether it be the practice of mechanics, chemistry 
^ biology. 

My opportunity of examining is far too slight to 
render it otherwise than presumptuous for me to say 
whether the measures you have taken are sufficient 
for their purpose or not. I hope you will permit me 
to insist upon the fact that it is only by the increase 
and development of the kind of education I have 
mentioned that these resources can be turned to a 
thorough and effectual account. And there is no 
difficulty, let me say, in the acquirement of the 
physical sciences in the ordinary schools. I don't 
speak of that matter as a theorist ; I speak as hav- 
ing had an intimate acquaintance for the last 20 
years with the educational system of the mother 
country. There the system by which the elements 
of physical science are taught in all the primary 
schools that have been in active operation, has 
scarcely acquired perfect development until now. 
In some bRinches we have 5,000, 7,000, and 12,000 
or more young people under examination annually. 
We have organized mctbo<ls of instruction. Our 
elementary teachers have been so mstructed in the 
means of teaching, that at length I tnink it may be 
said that we have organized machinery by which 
elementary scientific teaching has been secured 
through the length and breadth of the land. 

It is for you to say whether the same thing shall 
bo done, whether your population will be placed in 
a position to enable them to take advantage of 
these vast material resources which are placed 
within your roach. No doubt such advantages as 
these are not to be despised ; no doubt the increase 
in wealth and in material well-being is a great and 
imiKtrtant object to the legislator and the citizen 
who wishes well for his nationality ; but there is 
another aspect under which the widespread training 
in the elements of the physical sciences is to be con- 
sidered, and in urging upon you the importance of 
developing that mode of teaching in your schools, 
il should like to illustrate, as far as I may, this side 

t the qoestioxL You are aware— every one who has 



taught at all is aware^that a rast interest at- 
taches in the mind of every intelligent man to the 
history of the past ; that we all form some kind of 
conception of the past history of the world ; and 
that to many of us what has taken place in the 
histery of the world is only what has been tolil us. 
In fact, it is impossibJe that one's practical lifo 
should not bo more or less iiitlucnecd by the views ' 
which we may hold as to what has been the past 
history of things. Now, there are two sources 
from which we obtain a knowledge of the past his- 
tory of things. One of them is human testimony in 
its various shapes— all testimony of eyo-wituesses, 
traditional testimony from the lips of those who 
have been eye-witnesses, and the testimony of those 
whe have put their impressions into writing or into- 
print. 

First, we may consider the elements obtained in 
that way — human historical evidenre. It is upon 
that we depend for the greater part of our knowl- 
edge of the doings of the past. (1 should like to 
place this subject before you as clearly as I can, 
but the extreme heat of this climate docs not con- 
tribute to the clarification of my intellect.) I 
should like to state to you, in the first place, on 
what principles our convictions as to the validity of 
historical evidence depend, because there is often a 
broad distinction drawn between different kinds of 
evidence. To suppose that one kind is more valu- 
able than the other upon grounds which arc not 
clear— upon grounds illogically stated, and which do 
not bear thorough and careful inspection— always 
lies at the bottom of our errors in the acceptation of 
testimony. That which justifies us in our belief in 
conclusions drawn from historical evidence is, if 
you can sift it, but at the bottom the uniformity of 
nature. 

For example, if I read in your history of Ten- 
nessee, "Rjimsey's History," that a hmidrwl years 
ago this country was peopled by wandering sav- 
ages, my belief in that statement rests u)>on the 
conviction that I have that Mr. Kamsey was actu- 
ated by the same sort of motives that men arc now, 
and that all the persons from whom Mr. Kaniscy 
derived his information were actuated by the same 
sort of motives; in other wonls, that thcmiin from 
whom he derived his information, and ho himself, 
were, like ourselves, not incline<l to make faints 
statements, at any rate when such statruients 
would be detected, and we might apply to 
them the same standards of truth and false- 
hood as we apply to oun^elvon. If you road 
Cesar's Commentaries, wherever he frivos an ac- 
count of his battles with tlio CJauls, you plarc a 
certain amount of confidence in his statoinnits. 
You take his testimony upon this. You fcil that 
Cffisar would not have made tliose statements un- 
less he had believed them to be true. In otlioi 
words, the motives which actuated men in Cirsar'n 
time are assumed to be the same an those which 
actuate men now. If it were possible to sni>p«>8o 
that at any time the past history of the ord<'r of 
nature, so far as regards men, was different ; if it 
were possible to sappoee that men did not caje 
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ftboiit the truth, or about tho detection of false- 
hood, then you would know that their testimony 
could not bo depended upon. So you see that 
a belief in testimony implies a belief in the constant 
•order of nature. 

This history of Ramsey's, of the State of Tennes- 
«ee, takes you back for a very short period— not more 
than a hundred years or so ; as far as the immediate 
-case of Tennessee is concerned, not more than a cen- 
tury or so ; and so far as America is concerned, not 
more than three hundred at the outside or thereabout. 
But now let us consider tho other sourooft of in- 
formation and what has taken place in a country of 
this kind. We find (scattered about on the soil of 
Tennessee — indeed, I had the fortune to see speci- 
mens in your museum at the Capitol— specimens of 
worked flints— perhaps not true flints, but at any 
rate closely similar. These flints are plainly, obvi- 
ously worked by the hand of man. There are also 
bones and tools of various kinds that are testimony 
as to the former population. 

If the former inhabitants had died out and become 
lost, the discovery of these implements in the soil 
would, notwithstanding, be evidence of the exist- 
ence of a population totally distinct from that which 
colonized it of late years. We might with 'a degree 
of certainty draw a conclusion from the character 
of these implements as to the nature of the i>eople 
who were their fabricators, and the order of succes- 
sion or the time of that operation could be defined 
by the mode of their construction. So, again, scat- 
tered over the surface of yowi Stat-e there are mounds 
wherein is exhibited the work of the so-called 
^'Mound Builders," that has been built up by human 
ingenuity. They are indications of the existence of 
men different from those who now inhabit the laud, 
and upon some of these mounds are found growing 
great trees which have taken several hundred years 
for their development, and it is quite clear that the 
** Mound Builders " had finished their work long 
before the time when those trees had planted them- 
selves and grown to their present development. 
Kow that evidence of the past history of this country 
is archseological. It is evidence obtained upon tes- 
timony—upon written, recorded testimony— not upon 
tradition, but upon material facts, which carry 
within themselves tlie evidence of their nature. 
And you see that this archseological evidence, as I 
call it, although it is much scantier— much less full 
than historical evidence — ^is incapable of false indi- 
cation. I do not mean to say that ingenious people 
may not fabricate these stones, and 1 do not mean 
to say that people may not make mounds, but surely 
»,the fabricators would not distribute these stones 
over the breadth and depth of the land, nor would 
they employ an army of navvies to go all over this 
country and erect mounds. We are quito safe that 
they are free from hTunan interference — from human 
tampering with them. And although the archse- 
ological evidence is scantier than the historical, it is 
jthe surer evidence of the two. 

It might be that the diflTerent indications of those 
who inhabited this country before white immigra- 
^on have been falsified or modified by the persons 



who wrote the history; but the.se difficulties cannot af^ 
feet the conclusions we draw from such monumental 
evidence as th^t of mounds and of marked stones. 
If Ctesar's Commentaries had never been written, 
the evidence of tumuli, scattered all over Qanl, 
would be ample to prove the existence of an ancient 
race of people exceedingly difforent in their civiliza- 
tion and in their customs from the French who now 
cover the territory of Gaul. This archseological 
evidence not only has the advantage of its freedom 
from interferences by man, but it has the further 
advantage that it carries us into regions which hu- 
man testimony cannot reach — which lie far beyond 
the utmost limit of tradition, and thus require an 
amount of evidence that it is almost inconceivable 
to suppose either oral or written testimony could 
furnish. 

Tho rockj'^ soil upon which the city stands is full 
of evidence of that kind. It is, as you are aware, a 
hard limestone. That hard limestone contains an 
abundance of fossils which bear more or less re- 
semblance to animals which are living at the present 
day. Examine your museum and you can find any 
quantity of these remains. You can satisfy yourselves 
that they are animal remains, and the biological stu- 
dent can very readily convince himself that they are 
the remains of creatures which only inhabited the 
ocean at a time antecedent to the existence of the 
savage people whose implements are scattered over 
the soil, and when the ground and solid rock upon 
which these are scattered was a something totally 
diflereut from what it is now. In fact, it was the 
bottom of the ocean, and on the bottom of the ocean 
these creatures flourished and left tUeir remains as 
a monumeut of an era which has long since pa9<ted. 
S<^ you can turn back in the history of the globe, 
and you will perceive that the evidence is of tho 
simplest possible character. It is an evidence that 
cannot be challenged by any person of common 
sense who will take tho trouble to look at the 
question. And, what is more 'important, it is a 
kind of evidence that has not been tampered with— 
cannot be tampered with by any sort of human in- 
terference. 

I am indebted to this most admirable work— of 
which a copy was presented to me yesterday, a re- 
port of the *' Resources of Tennessee," which, in my 
judgment, does infinite credit to the Stato which 
paid for it and the person who put it together— 
which I do not profess to have read since yesterday, 
yet out of which I have contrived to pick the sort 
of information I want of the structure of the regioi 
where we now stand. 

I find that there is a large limestone plain on part 
of which Nashville stands. Then there are your 
Cumberland highlands, away eastward. Then west- 
ward there is also a highland, some long distance 
west, that tips in to a gulf, and on that gulf there resli 
other beds until you come to the valley of the Missis- 
sippi. Here we have beds which form the present 
foundation upon which the city stands. U[>un each 
side you have beds of rock superposed oue above the 
other. These (pointing to a diagram on the black- 
board) being deposited upon those below, most 
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imtnmlly be more recent. You may say in general 
tei ni8 (in any other country than America), a house 
18 more recent tlian its foundation. Here I have dis- 
coTorod that this is not always the case, for you 
gometimes move your housi.*« and put new foundations 
under thoni. Then a bed of rock which lies over 
another is younger—more recent than the bed of rock 
upon which it lies. So, when we say these beds are 
youuflrer than those, we do so because these have been 
depobited upon the others. What do we find here f 
Animal remains, masses of clay, shale, limestone, 
Atanipe<l with the unquestionable evidence of being 
formed of the mud at tlie bottom of tbe ocean. You 
have your thick beds of coal which can be demon- 
Rtrated to be the charred and altered remains of 
fon-sts which grew upon the same surface when it 
ha^l become dry land. You may amuse yourselves by 
oalcuiating the enormouH periods it took to grow 
these forests upon that soil and then turn them back 
to beds of coal. It is quite easy to see that these 
forests were not trees like our present trees, and the 
surface wiiich we now call Tennessee was something 
totally ditFerent from what we now know. See how 
simple these oalculations are. There can be no doubt 
that the beds of rock were formed one above another, 
in the order of their date — the oldest at the bottom, 
the newest at the top. There is not the slighest dif- 
ficulty in drawing conclusions as to the conditions 
under which these beds of rock were formed ; and in 
drawing all these conclusions, j'^ou make no greator 
a'*snmption whatever than you make in historical 
evidence. Tliat is to say, you assume tliat the course 
of nature has been generally uniform, just as your 
belief of ancient testimony depends upon your be- 
lief that the motives of the men iu ancient times 
were similar to those we now see. So plants, for- 
ests, and trees did not grow in the sea, and shell and 
star fish no more grew upon the land than they do 
now. In other words there is no greater assump- 
tion in archaeological than in the historical con- 
clusion. But the difierence is this, the archieo- 
logical is, on the whole, more trustworthy than 
the other, because no human hand has been 
able to meddle with the evidence which is 
in the rocks. We may pursue this course of 
inquiry further and we find that while all this great 
plain which forms the foundation of the city be- 
l<mg8 io some of the oldest rocks on the globe, this 
high land of the Cumberland district belongs to 
what is called the carboniferous fonnation, both 
Bilurian and carboniferous being parts of an ex- 
tremely ancient period of the world's history. But 
when we come to these beds which lie westward to- 
ward the Mississippi, we come to something (luite 
dillerent. There is evidence here of this land having 
been worn away, and that these beds were originally 
the bottom of the sea. Then they have be**n \\\y- 
heaved. That evidence is clear, because we find 
upon these beds shell 6sh and others which can only 
live at the bottom of the sea. These belong to a 
much later perioil of the world's history, what we 
call the period of tertiary formation. Among these 
beds is what is known as green sand, prized by your 
agricullurifits on account of its fertilizing qualities. 



To show how perfectly trust woith/ our conclus oim 
are with reference to this green sand being formed 
at the bottom of the sea, in that remarkable 
cruise in which the Challenger, a British vessel, 
has just completed a tour of discovery they have 
brought back abundant evidence that in some 
parts of the existing sea bottom green sand is 
formed, not different in it« character from that 
which forms the ancient crust of the earth, and it is 
actually being formed now under these conditions. 
And though we had no reason to doubt the genuine* 
ness of geological evidence, it is now supplemented 
by observations not confined to one locality, but ex- 
t-ending over the whole globe, by means of which 
we fill up this evidence that exists here and else- 
where. For example, that shows us that the an- 
cient history of the world present's no sudden ap- 
pearance of animal or vegetable formation— no great 
catastrophes or deluges, but a slow and even and 
gradual progress extending through perio<ls of time 
of which it is almost imx>ossible for even the most 
vivid imagination to form an adequate conception. 
I know it is thought very often that men of science 
are m the habit of drawing largely from their imag- 
inatier, but it's really not so. The most sober, care- 
ful consideration of facts forces upon you more and 
more determinedly the conviction that the theory 
respecting wliich we have this geological evidence 
of a period of the past history of the world is of a 
duration which, in comparison with our human 
standard, may be regarded as almost absolutely in- 
finite. 

Take, for example, the case of the cataract of 
Niagara, where I have been recently spending some 
time, so that I might fill myself with the grandeur 
and beauty of that extraordinary natural phenome- 
non ; it is quite easy to see that the Niagara River 
has formed, its own valley, has cut its way back 
through the plateau of rock from which it falls, for 
some six miles. There is not the slightest difiiculty 
in seeing that. The great cliff from which it tum- 
bles is formed of two kinds of rock — hard rock at 
the top and soft rock underneath. The water under- 
mines the soft rock below, when the solid stratum 
above falls over. You c-an trace the gradual excava- 
tion of that valley for six miles from that marvel- 
ous bluff* which, from Proctor's monument, over- 
looks the plain of Ontario. Now, the rate at which 
that work is going on, has not yet been positively 
ascertained; but we may be perfectly certain (I am 
now speaking largely within limits) that the work 
of cuttir.g back does not go on at the rate of a 
yard in a j'ear. We have six miles of such cut- 
ting, which will bring you to a period of 10,000 ' 
years for the cutting back of Niagara alone. It is 
an immaterial matter to me how many years it 
takes, but it would be nearer probability, much 
nearer the truth, if I said three or four times that 
amount. What n^lati<m does a i>eriod of that kind 
bear to the vast duration expressed by these great 
ledges of strata which form the globe ? We are a 
people curious enough to form a very distinct calcu- 
lation of this. The sides of the ravine through which 
Niagara is cutting its way are formed by masses ol 
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alluvial matter, which must be older than the riyer 
which has oat through it. In that allnyial matter 
yon find the remains of shell-fish nndistingnishable 
from those which now inhabit the lake, and along 
with them yon find— as have been found— the teeth 
of the mastodon, which we know, from abundant 
evidence, was an inhabitant of the continent of 
North America at a comparatively recent period— the 
very last step of that long series of changes, of which 
the limestone upon which you are now standing in- 
dicates one of the older ones. 

Thus it follows that the whole work of Niagara 
occupies less than one period of this vast duration. 
In relation to this duration of time, that of 10,000 
years, or whatever else it may have been, is but an 
infinitesimal fragment of time, so far as the great 
phenomena of the globe are concerned. During that 
greater time the population of the globe has under- 
gone a 8lew,coustant, and gradual change, one species 
giving away to another. We have passed, by slow 
and gradual methods, without vast and sudden 
changes, into that state of things which obtain at 
present. I need not say that this view of the past 
history of the globe is a very different one from that 
which is commonly taken. It is so widely different 
that it is absolutely impossible to affect any kind of 
community, any kind of parallel, far less any sort of 
reconciliation between these two. One of these 
must be true. The other is not. 

Then we may apply our talents to determine that 
one rests upon a record that cannot be interfered 
with— cannot be tampered with, cannot be altered 
by the stupidity or malice of man, and I think that 
it is in that one we must place our faith. If this be 
so, it is perfectly clear that the teaching of physical 
science in our schools has a much higher, much more 



important bearing upon the advancement of phyaicul 
and material well-being. It is by the due and proper 
and practical teaching of t^e laws of science that 
men are rendered competent to judge of what we 
call the evidence of the past. It is quite useless for per- 
sons who have not been so trained to attempt to pick 
out of books what is said of those matters— they will 
simply cut their fingers by using tools which they 
are not competent to handle. 

It is highly important that we should believe that 
which is true and not that which is false. So I put 
in these arguments as a plea for a thorough and care* 
f ul training in science in the elementary education 
of our youth. 

It is a ourious thing, ladies and gentlemen, but I 
suppose I am a sort of f anatio in this matter, for I 
generally find, in addressing, a public audienoe» 
whatever I begin upon, if titie topic be a general 
one, I come back to this subject of scientific instruc- 
tion. It is to me, upon practical grounds, of such 
vast importance, that I am sure you will forgive 
me on this occasion if I ride my hobby before you. 
And if I can do nothing else than leave you some- 
thing else to think about as the result of my visit 
to Nashville, all that remains to me on this my 
first occasion of addressinsr an audience in the 
United States, is to thank you, not only for your- 
selves, but for your fellow-countrymeA, for the 
extreme kindness with which I have been received 
everywhere in this country. I was wholly unpre- 
pared to find so great a body of friends and kindly 
disposed persons as I have met here, and I can only 
hope that whatever it may be permitted to me to do 
in the future, I may be enabled to render some 
justification for your abundant kindness. I wish yon 
farewelL 
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PROP. HUXLEY'S ADDRESS AT BALTIMORE. 

A CORDIAL RECEPTIOK— THE FORMAL OPENING OF 
TUB JOHNS HOPKINS UNIVERSITY— A FEW PLAIN 
WORDS FOR TEACHERS AND SCHOLARS— A 
GLANCE AT THE POLITICAL HORIZON OF AMERICA. 

The formal opening of the Johns Hopkins Uni- 
versity at Baltimore took place Sept. 12, at 11 a. m., 
in the Academy of Music. Prof. Huxley delivered 
the opeuiug address. The rare opportunity was 
appreciated by the citizens of Baltimore in general 
aud by the many learned professors and teachers in 
the vicinity, who filled the Academy almost to its 
capacity. Prof. D. C. Oilman, formerly of Yale, 
and more recently President of the University of 
California, now President of the Johns Hopkins 
University, occupied the chair. Among others on 
the platform were Gov. John Lee Carroll, 
Mayor F. C. Latrobe, nearly all the Faculty 
of the nniyersity— including the professors, lec- 



turers, associates and fellows, and the trus- 
tees— Chief-Judge George Wm. Brown, John W. 
Garrett, Chas. J. McGwinn, Attomey-GKineral of 
Maryland, and Rererdy Johnson. There were also 
present Dr. J. A. Stewart, Health Commissioner ; 
Profs. Christopher, Johnston, and Howard of 
the Medical University, representatives of the clergy 
and of the Academy of Sciences, and many promi- 
nent lawyers. The venerable Prof. N. R. Smith sat 
by the side of the presiding officer. 

The following are the general plans of the Hop- 
kins Trustees : Their endowment is ample, availa- 
ble, and free from conditions. Its management is 
free from x>olitical and sectarian control. Its pur- 
pose is to make an addition to the resources of Amer- 
ican education, and not to rival or duplicate any ex* 
isting foundations. The buildings are temporarily 
provided in Baltimore and are inexpensive, but in- 
clude ample laboratories of chemistry, physics, and 
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biology. Instroments and books bavo been liberally 
ordered. The teacbers bave been selected be- 
cause of tbcir distinction as specialists, and 
are of four classes— professors, lecturers, associates, 
and fellows. While some of these are of renown, 
like Sylvester and Gildersleeve among the professors, 
and Whitney, Lowell. Child, Newcomb, Walker, Hil- 
gard and Cooley among the lecturers, many are young 
men who give promise of equal celebrity. There 
are already enrolled, as associates, fellows, and resi- 
dent graduates, 40 young men who have been grad- 
uated within the last ten years from American col- 
leges, of whom 12 have pursued prolonircd courses 
in Europe, six have taken the degree of M. D., and 
six that of Ph. D. The Johns Hopkins University is 
said to be the only institution in the country which 
has beorun with such a staff of graduates. 

The lecture was preceded by a brief introduction 
of Prof. Huxley by Prof. Gilman, which was ex- 
ceedingly graceful and complimentary. In it he 
welcomed the lecturer to this countiy, not merely 
as a man of science, but also as a teacher from whose 
predecessors and associates American institutions of 
learning had always been proud to accept aid and 
counsel. Prof. Huxley's lecture occupied an hour 
and a quarter in delivery, and was given in an easy, 
conversational tone, and at a speed not exceeding 
120 words a minute. In this respect he api>ears un- 
usual to American audiences familiar with the race- 
horse rapidity of Froude, Proctor, and Kingsley. In 
his appearance and accent his nationality 
would be at once recognized. Before the con- 
clusion of his lecture he stepped aside from 
his theme to discuss very briefly and very 
soberly the future prospects of America as 
a nation, the responsible task she has before her in 
the solution of the problem of a republican form of 
government, and the honor or disgrace to result 
from this great iK>litical experiment. At this por- 
tion of the lecture the applause was very emphatic, 
and when the Professor concluded with a feeling 
allusion to his own honest and hearty hopes of a 
successful issue, the audience signified their appro- 
bation vehemently. 

THE ADDRESS. 
Gentlemen of the Board of Trustees of the 
Johns Hopkins University : The actual work of 
the university founded in this city by the well-con- 
sidered munificence of Johns Hopkins commences to- 
morrow, and among the many marks of confidence 
and good will which have been bestowed upon me in 
the United States, there is none which I value more 
highly than that conferred by the authorities of the 
university when they invited me to deliver an ad- 
dross on such an occasion. For the event which 
has brought us together is in many respects unique. 
A vast projjerty is handed over to an administrative 
body, hampered by no conditions save these : That 
the principal shall not bo emplo^'cd in buildings ; 
that the funds shall be appropriated in equal propor- 
tions to the promotion of natural knowledge, and to 
the alleviation of the bodily sufferings of mankind ; 
and* finally, that neither political nor ecclesiastical 



sectArinnism shall be permitted to disturb the im- 
partial distribution of the testator^s benefactions. 
In my experience of life a truth wnich sounds very 
much like a paradox has often asserted itself, viz.: 
That a man's worst difficulties begin when he is able 
to do as he likes. So long as a man is struggling 
with obstacles, he has an excuse for failure or short'- 
coming; but when fortune removes them all, and 
gives him the power of doing as he thinks best, then 
comes the time of trial. There is but one right, and 
the possibilities of wrong are infinite. I doubt not 
that the trustees of the Johns Hopkins University 
felt the full force of this truth when they entered 
on the administration of their trust a year and 
a half ago; and I can but admire the ac- 
tivity and resolution which have enabled them, 
aided by the able president whom they have 
selected, to lay down the great outlines of their 
plan and carry it thus far into execution. It is im- 
possible to study that plan without perceiving that 
great care, forethought, and sagacity have been be- 
stowed upon it, and that it demands the most re- 
spectful consideration. I have been endeavoring to 
see how far the principles which underlie it are in 
accordance with those which have been established 
in my own mind by much and long-continued thought 
upon educational questions. Permit me to place be- 
fore you the result of my reflections. 

ELEMENTARY EDUCATION. 

I think there are two aspects under which we may 
consider a university. It is, in the first place, a 
teaching institution ; and it is, in the next place, an 
institution for advancement and increase of knowl- 
edge. Under the first aspect, it is obviously and 
clearly connected with the general system of edu- 
cation ; aod it stands in some definite relation, or 
should stand in some definite relation, with the 
primary school, with the elementary schooL Aid 
therefore it may behoove us to consider, in the first 
place, what elementary education should be taught. 
For in the view which I hold, the university, as a 
department of the primary school, simply places a 
crown and a summit upon the education which is 
given in the primary school. As to what should be 
the nature of elementary education, I have long 
held opinions which are, I am happy to say, be- 
coming more popular than they once were, but 
which still may diverge a good deal from orditiarily 
received ideas. I am of opinion that an elemen- 
tary education should discipline all sides of the 
mind, and should leave no important faculty uncul- 
tivated. At its foundation lies a knowledge of the 
English language, the tongue we speak ; power of 
reading ; power of writing with accuracy and case ; 
and, finally, that amount of cultivation, of taste, 
and judgment which is to be derived from the study 
of the higher English authors. I think again that it 
is an esbcntial part of elementary education that the 
scholar should learn at any rate the elements of the 
history of his own country. It is hard for any boy 
or any girl who has not lived a life, to understand 
history ; perhaps impossible. But nevertheless it is 
useful, for the mind should be furnished those fun- 
damental facts. I look again upon the elementa oH 
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tbo physical scSenccs as a fnndamcntal part of cle- 
meutary edncatioD. The elements of physical 
geography, the elements of physics, the elements 
of chemistryp the elements of human physiology — 
«11 those are matters of great and increasing mo- 
ment, and there is no reason why they should not 
he taught in our elementary schools as well as the 
mass of things which are tanccht in our institutions 
— elementary mathematics, arithmetic, and geom- 
etry. I should be disposed to think that archceology 
is best taught practically— not so much theoretically 
as practically. 

And, finally, I conceive that it is an essential part 
of elementary education that the a>sthetio faculty 
should be trained: that some knowledge of music 
should be given, and that every one should be 
taught to draw according to his capacity. In these 
matters of art people vary mdelinitely in their 
individual capacity. You cannot make an artist of 
anybody who is not bom one. You may make an ap- 
preciator of art, and a useful knowledge of art may 
bp acquired by those who possess but a ver3' small 
'nnate capacity. Such education should enable an 
average boy of 15 or 16 years to read and write his 
own language with ease and accuracy, and with a 
sense of literary excellence derived fi'om the study 
of our cliissic writers ; to have a general acquaint- 
ance with the history of his own country, and with 
the groat laws of social existence ; to have acquirwl 
the rudiments of physical science and a fair knowl- 
edge of elementary arithmetic and geometry. He 
should have obtained an acquaintance with logic 
rather by example than by precept, while the ac- 
quirement of the elements of music and drawing 
should have been pleasure rather than work. It may 
fionnd strange to many ears if I venture to maintain 
the proposition that a young person, educated thus 
far, has had a liberal though perhaps not % full 
education. 

It seems to me that such training as that to which 
I have referred may be termed liberal with perfect 
accuracy in both the senses in which that word is 
employed. In the first place it is liberal in breadth. 
It extends over the whole ground of things to be 
known and of faculties to bo trained, and it gives 
equal importance to the two great sides of human 
activity — art and science. In the second place, it is 
liberal in the sense of being an education fitted for 
freemen— for men to whom every career is open, 
and from whom their country may demand that they 
should bo fitted to perform the duties of any career. 
I cannot too strongly impress upon yon the fact that 
with such a primary education as this, and with no 
more than is to be obtained by building strictly upon 
its lines, a man of ability may become a great 
wi'iter or speaker, a statesman, a lawyer, a man of 
science, painter, sculptor, architect, or musician. 
That oven development of ail a man's faculties 
which is what properly constitutes culture, may be 
efiected by such an education, while it opens the way 
for the Indefinite strengthening of any special 
capabilities with which he may be gifted. In a 
country like this, where most men have to carve out 
their own fortunes, and iovote themselves early to 



the practical aCiiirs of life, comparatively few can 
hope to pursue their studies up to or beyond the asce 
of manhood. But it is of vital importance to the 
welfare of the community that those who are re- 
lieved from the need of making a livelihood^ 
and still more those who are stirred by the diving 
impulse of intellectual thirst or artistic genius, 
should be enabled to devote themselves to the higher 
ser\'ice of their kind as centers of intelligence, in- 
terpreters of nature, or creators of new forms of 
beauty ; and it is the function of a university to fur- 
nish such men with the means of becoming that 
which it is their privilege and duty to be. 

OBJECTS OF THE UNIVKR81TY. 

To this end the university need cover no ground 
foreign to that occupied by the elementary school. 
Indeed it cannot ; for the elementary instruotion 
which I have referred to embraces all the kinds of 
real knowledge and mental activity possible to man. 
The university can add no new departments of 
knowledge — can offer no new fields of mental ac- 
tivity ; but what it can do is to intensify and special- 
ize the instruction in each department. Thus lit- 
erature and philology, represented in the elementary 
school by English alone, will extend in the univer- 
sity over the ancient and modem languages. His- 
tory, which, like charity, best begins at home, but, 
like charity, should not end there, will ramify in the 
university into the history of other countries, thool- 
l<^gyi 2iud numismatics, and all matters bearing 
thereupon; and in a well-constituted university we 
have, as adjuncts to these two lines of study, libra- 
ries containing necessary books. So, again, science, 
represented by tlie mere study of its rudiments in 
the elementary school, will in the university be rep- 
resented by a complete faculty; such sciences as 
those I have enumerated will be taught and carried 
to their highest extent by special professors, and in- 
structions given in the lecture-room will be supple- 
mented—and this is the most essential part of the 
proper teaching of physical sciences— by practical 
work in a duly constructed laboratory under the 
superintendence of the demonstrators. 

So understood, the study has that which makes it 
different from other disciplines, namely, the briug- 
ing of the mind of the student in direct and imme- 
diate contact with fact, so that it does not dei>end 
upon treatises but ui>on actual conception of Nature 
as she is. And that is only to bo given by the addi- 
tion of practical laboratories to the ordinary appli- 
ances of teaching. So I need hardly say that the 
English language will serve in another direc- 
tion, affording some basis for philological study 
in the school, which will branch out in the study of 
all the ancient and modern languages, regarded 
as a matter of philology and not of literature. 
Mathematics will soar into its highest regions, 
while the high peaks of philosophy may be scaled 
by those whose aptitude for abstract thought has 
been awakened by elementarv logic And in any 
thoroughly constituted university I should hope to 
see and think essential the means for the study of 
art. Not only the elements, but the greatest refine- 
ments of art could be tausht. Schools of pictonal 
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and plastie art and architecture and of mosic should 
offer a thorough discipline in the principles and 
practice of art to those in whom lies nascent the rare 
faculty of »Bthetio representation, or the still rarer 
power of creative genius. Having elementary 
schools of the kind t'j which I have referred at one 
extremity and the university at the opposite ex- 
tremity, we should have the Alpha and Omega of 
education— the alphabet complete. Under some 
circumstances and in some countries it is desirable to 
have what I have called elementary education 
divided into a primary and a secondary' school. In 
other cases it is not essential : but that is a matter of 
secondary importance. 

THE MEDICAL SCHOOL. 

One groat object of the Johns Hopkins bequest, as 
I understand, was the establishment of a hospital, 
and, in connection therewith, a medical school, and 
it was the desire that the edncation given by the 
university should be so contrived as to subserve the 
interests of medical e<lucation. There is no doubt 
that the subject of medical education is an extremely 
important one. It is partly from my early educa- 
tion, partly from the fact that I was for many years 
one of the examiners of the University of Loudon, 
which is supposed to have the highest standard of 
education in England, and partly from other ri'a- 
sons, that I have taken a particular interest in this 
subject, and I am very glad to be able to sny a few 
words upon it here, and more because I must confess 
that, among the many satisfactory and striking in- 
stitntions which I have met in this country, proba- 
ably the manufacture of medical men is not the 
most striking nor the most essential. In a matter of 
this kind there is no advice better than the advice 
of Dr. Johnson—" Above all things. Sir, clear your 
mind of cant^ — and there is a irood deal of cant about 
education, and I think a cant in respect to the medical 
profession is a notion vague and misty to the last 
degree — still powerful— that the medical profession 
ought to be a sort of liberal profession. When you 
come to analyze that, I think it comes to this, that a 
doctor ought to be able to construe Celsus, so long 
as that Id enforced upon him. 

There is a sort of a notion that the profession 
has a sort of general liberal princiide. I do not 
agree with that notion. I have a very strong 
conviction that what constitutes diguity in a 
profession, without which you can have no liberality 
at all, is that members of that profession should be 
able to do exactly what tlie public t^ivo them credit 
for being able to do, and I shall proceed upon that 
ground in arguing upon tlie kind of education which 
I think is needful in order to bring the medical pro- 
fession into the study which the public have a right 
to expect. It should be the jdedge which a medical 
man freely gives to rhe public by anuouncing him- 
self as such. It is that each .shall have done his best 
to qualify himself to prevent, to alleviate human 
BUlTering, to cure disease. That is the understand- 
ing upon widch he announces himself as a medical 
man, and upon which the public pay him for his ser- 
vices. To do his business is to be that. If he has 
time he may put it to any use, bat hia first business 



is to be that. ludeed, in order that a physician 
should be able to understaod the causes which lead 
to disease and to alleviate suffering, the first condi- 
tion is that he should understand the conditions of 
health, that he should understand the workings of 
the human body, and should comprehend the parta 
that compose it. 

A physician's studies. 

The studies which embrace the kind of knowledge 
necessary for this purpose are what we call human 
anatomy and physiology, and without an exceed- 
ingly clear conception upon these two subjects the 
attainment of anything like a rational medical prac- 
tice is quite out of the question. Nobody can under- 
stand physiology without a certain amount of knowl- 
edge of elementary chemistry and physics, and the 
application of these to living matter. If the medical 
man is to be a surgeon he must have a knowle<lge of 
surgery ; he must have a knowledge of the action of 
drugs— what we call therapeutics— a knowledge of 
diseased structures and the consequences of disease, 
which runs under the name of pathology. Those 
being the special requirements of the medical man, 
and a medical school being proi>erly a technical 
school attached to a university, what wo should like 
for any medical school is a thorough and complete 
instruction in these matters. I mean such instruc- 
tion, such a mode of learning, that a man shall un- 
derstand the facts of anatomy and physiology, and 
have them at his fingers' ends, just the same as he 
has his daily business, because the medical man has 
to act upon his knowledge promptly and quickly, 
and come to a conclusion based upon his knowledge; 
and it ought to be as familiar to him as the actions 
u])on which he bases his daily labor. 

Such being the case, we have to reflect that the 
practical necessities of life are such, that very few 
medical students can expect to give more than three, 
or at the outside, four years of their life to the 
special study cf their profession. As things stand at 
present, a young man who is perfectly raw. has sim- 
ply an ordinary school information, not a conception 
of physical science, probably never having looked 
through a microscope, comes to a medical school, 
and in the course of four years he is supiK>aed to 
acquire, he ought to acquire, if he is to be an honest 
man and a good practitioner he must acquire, % 
knowledge of physiology, pathology, therapeutics, 
obstetrics, and other branches of me<licine : and to 
these ho should add a certain acquaintance with 
medical jurisprudence, inasmuch as evidence may 
be called for in trials in court, where, upon his cer- 
tificate, men may be torn from tlielr homes and 
families and confined in a lunatic asylum; and it is 
also desirable that he should have some acquaint- 
ance with psj'chology, and all must be done iu four 
years. If this is to be done, if a sound education is 
to be given that breaks the backs of most of thiMO 
who try to go through it, the most careful atti*ntion 
is to be paid to the easing of the process, by, iu the 
first place, cutting ofi* evei'yuiing which is not abso> 
Intely ess<^ntial. 

NAfURAL HISTORT FOR THB STCDRNT. 

In the many medical schools of the present ds^ 
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jotrng men are «et down to epead tbice or four toI- 
nable moDcbe of the year in tbe stadj of zoology 
and compBrBtive anatomy and botAny iiDd fiMieria 
aiMllM— tb&t 18, ft knotrledgo of drnRS and wbat they 
come from and the animals and plants that yield 
tliem. If I bad power in this matter I sbould cat 
all these Bnbjeote ont rathlesBly. Yoa will uodor- 
Mand that I am not a likely man to digcooiage tbe 
etady of Eoology and comparative anatomy and 
botany. I have the greatest reepect for botany and 
toi dmgs and druggists as far ss that goes, bnt in 
medical education one bna to recollect tbe great 
tmth that " in order to know a little well, you must 
be content to be ignorant ot a great deal." Although 
no one wonld tie more anwilling tlian I to cast tbe 
eligbtesl doabt upon the studies that I have men- 
tioned in their places. I do maintain that in the 
medical cnrricnlum they are out of place. When 
tbe time which a man possesses to become familiar 
Trith the structure of the haroan bojy— which is no 
eojiy boxliiesB — when that is so limited, what earthly 
business has be to be stndyinit tbe anatomy of star- 
fisbes and crabs and lobsters T He is not going to 
opentt« on star-ftshes and crabs and lobst«^, except 
in a gnetronomical and non-surgical way. Very val- 
nible as that kuowkdeo may be in other depart- 
ments, it bae not tbe remotest hearing upon bis 
proper piofeasiooal pursuits, 

SYSTUI OF EXAMINATIOS. 
Anotber great improTement. in my judgment, 
mighc be made in the system ot examination. It is 
not many years since I was a medical student in 
London, and tbe practice was that the examination 
washeldattheendof three 01 four years' study, and 
it was no ancommon thing for a young man to have 
to attend four or Qve lectnree on as many different 
sabjects, to work In the dissecting-room, and have to 
attend hospital practice all in the same day. Tbe 
remarkable jumble, sort of "pi" in tbe printer's 
ftense, that was thus created was an astonishing 
thing. Que would have thonglit that tbe inventors 
ot such a system intended to put a stop to anything 
like an aciiiiisltion of sound knawled(:e. and 1 must 
•ay that they were quite successful. The ordinary 
practice wn», that when one trie<l to curry 
nil these things in his head it was out of 
the question for bim to do so. If lie wan an 
indnstiioim man, bo attended to one or two thinn 
well until the exnininntion, and then tmiitcd to the 
■work of the "grinder"' tor the last six months to 
prepare hitn to sic down at the tnblo and answer any 
questiims that mlicht happen to turn up in the minds 
of the examiners in eight or nine subjects. We have 
clasBiHed Ktndies since then and arranged it so that 
yonng men have much more chance tlinn they used 
to have. Bat I lieliere that aa improvement might 
still be mada in the same direction, an import.int 
improvpoicnt. which has hci^n snggested some lime 
since ; namely, to allow the medical student to pass 
bis examination at the end of bis conrse of lectures, 
to ooucentrato his whole mind upon the suliject at 
-nliich be is working, and then let him take liis rank 
or posltum finally by the kind of examination that 



he passes thiouffh at the end of bis lectures. It ia ■ 
plan that IiaB been porsned for many years at tb» 
Boyal School of Mines, and we hare found it to «no- 
ceed admirably well. It allows the stndent to con- 
centrate upon bis mind what he is about fot 
the time being, and then practically to diamis» 
it. 

Thosewho have to do with intellectual work will 
agree with me that the important thing in this lifa 
is not BO mncb to know a thing as to have known 
it and known it thoroughly. If you have known a 
thing thoroughly in the first place, you know where 
to Snd it when yoa have forgotten it, and when yon 
begin to work again all the grooves ore made qolte 
easy, and knowledge comes back with great facility, 
[Applause.] Then there was » question of bow fat 
and in what way education in the university can bo 
aub served to til at given in the medical schools. I 
look here not only to the university ; I look further 
bock to the elementary schools. If inatructioa in 
the elemenl« of physics and chemistry and, human 
physiology —if that is given in our elementary 
Bchools in the way in which it may be given, in tho 
way in which it ought to be given, as part of every- 
body's information, it will have a most remarkable 
influence upon medical education. 

Thus in the medical cnrricnlum. if that ordinary 
education is properly carried ont, the medical stu- 
dent will come to the university with work already 
done which at present occupies much of bis time 
and attention. That is nottheonly result, nor tho 
most important result. The still more important 
result is that be will come with his tniod accus- 
tomed to sciontifio ideas and with bis eyes trained 
to observe. Tou cannot imagine what enormous 
difficulty ia thrown in the way of scientific ednoa. 
tion by our existing s.vstem. It is not only with 
men who have studied nothing hut books, having 
no acquaintance with modes of obseivatton; but it 
is a habit of men which begets— I was going to say— 
a disgust of observation. I find many of my own 
students, who come to me in that way, who will do 
anything rather than believe a fact they con see 
with tlipir own eyes. I have ha<l men working 
with tho microftcoiie whom we n ■qui re to 
draw the object they gco through tho micro- 
seopp, and I have seen them draw ofi my diagram on 
the blackboard, which they would much rather 
draw than the thing actually under their eyes. I 
snppo.'ie tbe pOTKiin who Is embarked in the medical 
candor to go to tho university provided with sucb 
instruction in elementary science as I have indi- 
cated, and then he comes within reach of the uni- 
versity nnd foils into tbe hands of tlie pathulogical 
department of the university, nnd there, with the 
R]-Ht«matii' study of botans' and other studius wliich 
I have referred to— tliero he becomes acquainted 
theoretically and pmctically with tbe great princi- 
ples, and it is from that foundation that he steps on 
to bis Rpecia] medical stndies. I believe thai sncb 
preparation as this and with the trained habits and 
powers with which the medical studcut will come t» 
his special study. It tietter Uion to come to it raw 
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and with no preparation. I believe wo may consider 
it as practically doubling the time of professional 
«tudy. 

THB INVESTIGATION OF TRUTH. 

These are the remarks which I venture to offer to 
you respecting the university considered from its 
educational side. But, as I said at starting, there is 
another side to a university. - It is given to every- 
body to learn more or less, but it is given to very few 
to increase the stock of knowledge. It is perhaps 
even more rare that a man should possess the crea- 
tive faculty in art. It is a difQcult thing even to get 
the power of accurate representation in art. But 
whether in literature, or in painting, or in sculpture, 
the creative power, as you know, is one of the rarest 
of faculties— rarer, I think, than the power of scien- 
tific investigation. But rare as these powers may 
be, and indeed in virtue of their rarity, does it de- 
volve upon the community to provide the means by 
which the persons iK)ssc8sing them can open a career 
for themselves and devote themselves, as aU such 
men do, whether consciously or unconsciously, to the 
high service of the community. For it is assuredly 
tnie that man does not live by bread alone, but by 
ideas, and it is unquestionable that the future of 
this world lies in the hands of those who will supply 
the world with ideas and in some way furnish the 
masses of mankind, who have not the time or the 
inclination or the capacity to think out things them- 
aelves, with some theory of things that is not too 
absolutely inconsistent or too absolutely absurd to 
serve some practical purpose. 

Therefore it is the highest duty of a university to 
find a system which shall discover and protect these 
powers of artistic creation, and the investigation of 
new truths which are the two great sides of active, 
or what we may call the original, or creative, or in- 
vestigative human mind. The problem which I 
liave referred to, the endowment for research, has 
been in England greatly discussed among uh, and 
you will find in the report of the Royal Commission, 
I think, almost all that is to be said upon this most 
remarkable question. There are many persons who 
eeem to think that the sole question is one of money. 
Endowment of research rather expresses that notion, 
that the power of investigation or the power of 
•creation in art, like other things, follows the laws 
of supply and demand; pay for it and you will get 
it. That is a notion that does not commend itself to 
my mind. I do not think we shall get a man of 
genius by merely going into the open market and 
offering money. On the contrary, I am afraid that 
«uch a purely commercial way of looking at the mat- 
ter is likely to yield purely commercial results, and 
that the door would be open on such principles for 
indefinite nepotism and indefinite jobbery. To my 
mind the problem is one of the most difficult prob- 
lems that can meet practical men. I entirely con- 
cur in the principles laid down in your tnistees' ad- 
dress. I mean in the principle that the safest and 
best thing to do in the way of endowing research is 
to offer offices, the payment for which is sufficient to 
maintain a man, to such persons as think themselves 
competent to become investigators, but to require 



of them something or other. And I believe the most 
healthy and sound requirement is a certain amount, 
not too much, but a certain amount of teaching. I 
know oT nothing else which is more likely to prevent 
the evils which always wait about money powec, 
wherever it may be. I know of nothing which is so 
likely to prevent those evils as the creation of 
offices and posts made for men who are capable of 
original research— offices for teaching in some shape 
or other. It ofi'ers their colleagues a knowledge of 
what they are about, and the public a knowledge of 
what is being done. I think to well constituted 
minds it must be a satisfaction thus to know that 
they are thus exercising a direct iufiuonce upon their 
cotemporaries. 

THE PROGRAMME OP THE UXIVER8ITT. 

Now, ladies and gentlemen, I think I have said all 
that I can conveniently say at present upon these 
topics of university and elementary education. Of 
course, the subject is one upon which I could enlarge 
to any extent, but on the present occasion I have in- 
dicated with sufficient clearness what general ideas 
I have to lay before you, and I may now turn to the 
question which I took the liberty of saying I might 
deal with, namely, the plans adopted by your tms- 
t<M)s and your president for this universit."?. So far 
as I am able to judge, they are most wisely and 
soundly conceived. One conclusion at which they 
have arrived is entirely in accordance with some 
very strong prejudices— I suppose I ought to call 
them— of my own. They propose not to build at 
present, but accommodate themselves and see how 
things will go on. I do not know what would be 
the course in America, but in England very curiooa 
things happen when people begin to build. I have 
seen great educational funds fossilized into mere 
bricks and mortar, just as if architecture is a kind 
of petrifying stream, and with nothing left to work 
them. You know there was an ancient warrior who 
was said to have made a desert and called it Peace. 
Well, I have seen administrators of educational 
funds who have made a palace and called it a uni- 
versity. 

I am so strongly impressed with this feeling that 
I will venture to say to your trustees to-day that I 
hope they won't think of building by any hands 
higher than those of a bricklayer, who will do for 
them exactly as they want and nothing else. Per- 
haps until such time as the Baltimore and Ohio 
shares have gone up to $1,000 premium, and when 
every professor is as fully endowed as be wishes to 
be, and every library is as large and well furnished 
as it ought to be, and when there is nothing more 
3'ou want or would want, then if there are a few 
hundred thousand dollars left, send for an architect 
and let him put a facade on the edifice. If you do 
anything else you will get a building which will 
contribute very much to his fame but uot to youz 
need. From what I have said respecting the re- 
lations of the university and edncatiou in general, 
it will be obvious to you that I have nothing to ob* 
ject to, nothing to criticise in the arrangements 
which have been proposed by your trustees for the 
work of this university. Nothing can be mora 
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complete, more broad, than the view which they 
t;ake of what the nniyerBity should do. Nothing 
can he hetter, in my judgment, than the pro- 
Tifidon which they have made for that delicate and 
difficult business of the endowment of those who 
are competent to make research and to investigate. 
I understand that, although there is not likely to be, 
perhaps, in the university itself a department spe- 
cially devoted to the cultivation of art, yet you 
have great institutions like the Academy of Music 
or the School of Art, which can be with great readi- 
ness affiliated with and brought into relation to 
your university. 

Probably one of the great practical difficulties 
you will have to meet with will be the sort of lim- 
it-ation which it will be necessary to put upon the 
persons admitted to your university. No doubt, 
on one hand, it is very important that those who 
come to the university should bo preparsd to 
take advantage of its higher instruction. No 
doubt, on the other hand, it is of immense im- 
portance, especially in a young country like this, 
that no artificial barrier should be put in the way of 
men of ability, who occur in aU strata of society, 
finding their way t-o the principal places through 
the means of the university. It is just-by that iicylla 
and Charybdis that your authorities will have to 
steer their way. It may be a question how far their 
end may be attained by examination at the end of 
the first course of instruction. It so often happens 
that aspiration in this world is taken for inspiration, 
and that a young man who thinks ho has great ca- 
pacity when tested turns <mt to have ambitions and 
no jjowers. It is undoubtedly most desirable to 
eliminate persons of that kind as soon as possible, 
and it may be a question how far that is best done 
by an examination at the end of the first term, 
or by a preliminary examination ; but I must 
honestly say that my own feeling is very 
strong against any sharp, cut-and-<lried matricu- 
lative examination ; and there have been many in- 
stances, especially in the direction of science, where 
boys who have had no advantages or pow er of pre- 
paring themselves by matriculative examinations 
have been, nevertheless, persons who havo attained 
to the greatest distinction and have been of the 
greatest service to their kind by means of such aid 
OS tl\G university can afford. 

Another very important anu difficult question, 
which I can hardly hope to discu^^s here, is the prob- 
lem of testing capacity in a course of university 
career— the problem of conferring degrees. There 
is much to be said in favor of an open curriculum — 
of allowing people to choose what they like. Of 
course it is out of the question to suppose that any 
one man. if he were the Admirable Crichton twice 
over, could cover the whole ground. Every man 
must take a special lino, and then if yon want de- 
gKiCS as the reward of proficiency, I think it neces- 
sarily follows that the line of work must be de- 
fined ; because, if you grant degrees at all, one 
-must be as valuablo a* tho other. Qud that almost 



seems to me to implj some sort of definite cwp> 
ricnlum. 

THE FUTURE OP AMERICA. 

But questions of that kind can onV be indicated 
here, and require great care for their practical settle- 
ment. Indeed I think it doubtful whether it woro 
wise of me to touch more fully upon tho many topics 
which are indicated here in my notes. Let me rather 
say in conclusion that I have often been struck in 
England with the charm which Americans seem to 
feel in visiting those ancient cities of ours or climb- 
ing the battlements of orumbling castles, the namea 
of which are inseparably associated with the great 
epochs of our noble literature, or with the various 
steps of that blood-stained progress by which tho 
savage Briton or the wild pirate of the North Sea 
has become converted into the champion of order^ 
chief means of the progress of civilization. It is im- 
possible to be otherwise — as an Englishman— than 
in entire sympathy with a feeling of this kind ; but 
if retrospect has its charm, I think it is no loss trno 
that there is a joy in anticipation ; and to an English- 
man who first lands upon your shores, who fiuda 
himself traveling for hundreds of miles througli 
what I can only call strings of great cities, who 
even in the roughest way compares the extent of 
your territory with that which he has left, and looks 
at your marvelous resources in everything that tends 
to the welfare and riches of mankind, there is a 
something sublime in the vista of the future. 

I don't say this with the least intention of flatter- 
ing that particular vulgar sentiment which is com- 
monly called national pride. On the contrary, I 
don't know that I have any particular respect for 
bigness as such or for wealth as such, and most as- 
suredly bigness is not the same thing as greatness, 
and territory does not constitute a nation. What I 
referred to just now as the issue which had sug- 
gested itself to me, fraught, as I will say it again» 
with a certain sublimity, a terror as of overhanaing 
fate, is the question : What are you going to do with 
all these things f To what purpose will you put this 
great store of material wealth and this vast amount 
of human intelligence and capacity which is among 
you to deal with f The question is one which, it 
seems to me, no man has a chance of answering with 
the remotest probability at the present moment. 

You are undertaking the greatest political experi- 
ment that has ever been performed by any people 
whatever. You are at this present centenary a 
nation of 40,000,000 of people. At your nevt cen- 
tenary rational and probable expectation may look 
to see you 200,000,000, and you have before you 
the problem whether 200,000,000 of English speak- 
ing, stroog-wiUed people will be able to hold 
together under the form of republican institutions 
and under the real despotism of universal suffrage 
[a burst of applause] ; whether Htate rights will hold 
their own against the necessary centralization of a 
great nation, if it is to actasa whole, or whether 
centralization will gain tho day without breaking 
down republican institutions. The territory yoa 
cover is as large as Europe, as diverse in climate as 
England and Spain, as France and Kussia, and 



14 



Trnmne Erin So. 36.— J-to/. Biiilts in Ama-lra. 



JOB hnre to ire irhctlKT with tbe direisitr of 
liitemtto, mereantile and otber, wiiich arise 
under thtne circTunstanccs, national ties vill 
he strongeT tbaji the te-adencj to separ- 
alinn; and as ri>n P^"^ ■cd ttie pntssnre of popnld- 
tiuii DiDlira itself manifest, the siwcter of paapf^riam 
wilUtalkaiDonnjoii. and yon will be ycry nnlike 
KiiropA if comiouMism and socialism do not claim to 
t-e lieard. I cannot imainne that anj one aboidd 
•BT.v j-ou tliia great destiny— for a sreat dMtiny it is 
to Mlve thCM problems aome way or other. Great 
will be yonr boaor, great will be yonr position, if 
you solve them righteously and honestly; great 
yuiiT ahame and yonr misery if J"" fail. Bnt let me 
eipresBBy mostBtronKcoiiTietion tliat tbe key to 
•iii-rM«. the ewi-niial condition to sncccss, is one and 
onconly; that it sesta entirely apon the intellect- 
ual cIcAmeKB and upon tbe moral worth of the in- 
dividnal citiien. (Applause.] Education cannot 
(we inte11«ctti3l clearnesa. It cannot give moral 



worth, hnt it may chtrish them anil brinn them to 
the front; andio that sense the nniTeraity may be 
and OQght to he the fortress of the higher Ufo «f tb* 
nation. [Applause.] 

Jt is my mo:>t earnest wi.'h and hope that the 
nniveraity, the career of whil^h begins to-day, may 
fnltill this hich miiuion to its fullest extent [a^ 
planse) ; th:it its ontgrowlbs may iKcome centers 
of intelligence, foci of intellectnAl life in the United 
States ; and on the next centenary of yoor Repub- 
lic let me hope that you will attain SQch a position 
that tbe students of all nations will flock bere •> in 
fonner days they flocked to Oiford, to Paris, Mid to 
Bologna. [Applnose.] Peruiit me to fancy that 
among the Eiislisb part of that population then 
m.iy linger a dim tradition at that time that at tha 
commencement of yonr work an Englisbrnftn wm 
permitted to address you as he has done to-day, to 
look upon your hopes as liis hopes, and to oonsidtr 
your suciMMs as his joy. [Great applause.] 
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AND SECOND IIYPOTflESER ARE CNTENADLE. 

To say that a CTDnd..-d andience greeted Prof. 
Thomas H. Hniloy at Chickering Hall on the night 
of (iept. 18, is to do injustice to the fact. The en- 
trance was tbronged at an early hour, and the only 
couMilatioD of the people wbo were Jammed togctlior 
in firont of the ticket office wan that it was a higlitj 
rcApcctuble CTuah. Large nnmbeis had evidently 
deferred the purchase of tickets nntil the 
last motoent. The trouble was not ended when, 
after andergoing tho last extremity of squeez- 
ing, tbe ticket office was reached and the purchase 
made. Itwasqulteasdiffieidt to^et out from tho 
crowd below as it was to get into it. Not a few 
agile gentlemen took the altcmaliye of climbing up 
tlM siilea of the slaira to join tbe iiappicr throng that 
they had l>een long envying— tlie people that had 
Iiouglit their ticketn in ailviince au<l had nothing lo 
do but to aHoend to the hall. 

Within, every seat seemed to ire taken before the 
lecture l)egan, tbe few vni'ani'ica wi-ru nilwl dur- 
ing the tlmt ten miiiutifi atUTwanl, aint " wull-K'.w- 
em" wen> packed aianding liihitid tbe hiuiIs. The liall 
was full of familiar faces; of men eminent in tno 
Inarneil profenaions; of New-York's lioat noeiety. 
runctiial to tlie very minnte Vtft. Tlnilcy cnmo for- 
watil upon the platform, and was of course greeted 
«ritli abundant applaose. He laid a copr i^' Uilton's 



Paradise Loot npnn the reading desk; nothing else 
nei (her manuscript nor notes. He leaned forward 
slightly over the desk and bfgan speaking in meas- 
nrcd words and with a low tone of voice. Except 
sometimes to srasp the desk with both hands and 
lean ovur it more intcntlj-, he did not vary his po- 
sition or make use of gpstnres during the Jecture. 

At finit Prof. Huxley was not distiuctty heard by 
the entile andience, but after tue noise made by 
people entering had subxided, there was leas dlffl- 
cnllf in this respect. Ho was listened to with tha 
closest attention throughout, and the perfect ailance 
of (he audience, except at rare intervals when 
applause wascalled forth, gave striking evidence of 
the interest that waa taken, not wi that an dlug the 
clnseucsH of the argumoot and the absence of popular 
features iu the discouise. 

THE LECrURE, 
Ladies *\d Gkn-ilfur!(: Wb livein andfnnn a 
port of a Byslem of tbfnga of Immense diveraity and 
perplexity which we call nature, and it is a loattet 
of the deepest interest to all of ns that we should 
form just conceptions of the constitution of that 
system and of its past histnry. With relation to 
this uuivurae, mania in extent little more thao a 
mulliematical point, in duration bnt a fleeting 
Hh.vtiiw. Ho in a n-ed abaken in tbe win<ls of foroe, 
but, as I'iisriil long ago remurkei], although a reed, 
he is a thinking r.-«d, and. in virtue of thot wonder- 
ful capai-ily of thought, he bus a power of fmniina 
lo hiiuHulf a aymlmlic conception of the uihivetae, 
whirb, .ilthongh doubtlcHS highly imperfect, and 
although wliolly iuudciiuate ai a picture of that 
greiit Whole, yet is sulllcient to sorve him aa a 
gni<lo-1x)iik in hia practiuiil aflairs. It has taken 
long indeed, and accumulations of ofteufruiUeM 



' hAw, to enaljle toaa to look sttRdn^ at the glarlDg 
pIuMitosmnsoria of nature, to ootico Il<^^ fluctuntiooa 
id whftt is regulsT nmong her apparent Irregnlari- 
m; antl It Is only comparatlvel}- tatoly, witliin the 
last few centoiiea, thnt there baa emerged the con- 
ception of a pfTvadiog oriler anil a de&Dite force of 
tbiDga, which we term the conrse of natnre. [At 
thia point cries of "Looderl londer!" which had 
been ottered once before, now became general, and 
B gentleman called from the bavk o( the bull, ''We 
n'tliitar a word joo aay," to which the lecturer re- 
sponded b^ enyinii, " If my nudienee will be bo kind 
•a to be wftteii that difScolty will be largely re- 
tnored." Hethen ^eB^^ledhiBle1^t^^e in a tone of 
voice BGsrcel.T raised, hut more audilile on account 
a( the instant buabing of noise and novemcutH.} 
~ It ont of thia contoinplation of naMre, and ont 

non'a thenght concerning hor, there baa in tlxtne 
later times arisen that conception of the constancy 

Latnre to which I hare referred, and that at 
Inngtli baa become the giiiiting con ceji lion of 
nodem thought. It has oeas<.fl to !» almost con- 
oelTuble to any person who haa paid attention to 
idem thought, that ohance ehoald have any place 
In the Universe, or that evenia should follow any- 
thing but the natural order of cauee and effect. We 

e come to look upon the present aa the child of 
the past and aa the pareut of the future : and as we 
hare excluded chance from any ebaro or port in tlio 
order of tbinm, so in the present order of nature 
n have come to neglect, even aa a poasihility, the 
notios of any iutorfarenoe with that order; and 
whatever nay be men's speculative notions upon 
41ieMi points, it is quite certain that every intelli- 

t person E:uides Lis life and risks bis fortune 
npon the belief that the order of nature is constant, 
and the relation of cause to elTcct nnchangod. 

THE qUESTlOH i BlSTOnlClI. ONE. 

In fact, there is no bplic'f which we entertain 
irhich has so complete a logical basis as that to 
irbloh I have just referred. It underlies tacitly 
•very process of reasoning; it is the foundation of 
BTery act of the will. It is based npon the broadest 
Indnctnoi), and it is verified by the most constant, 
regular, and uuiversal of indQctire processes. We 

It recollect that any human belief, however 
broad its basis, however defensible it may seem, is, 
after all, only a probable belieC and that our broad- 
geueruliv^ations are simply the highest do- 
■03 of probability. Though we are quite 
filear abont tbe coimtancy of uature at the 

lent time, and in the present order of things. 
it by DO toenns follows nccesaarily that ne are 
}uBt>Aed in expanding thia generalization into the 
(last and in denying absolutely that there may have 

En a time when evideoce did not follow a first 
et, wheu the relations of cause and effect 
jwcre not ftied and deSnite, and when external 
' agencies did not intervene in tbe general conrse of 
nattm. Cautious men will admit that such a change 
In tbe order of nature may have been possible, just 
aseverj caudid thinker will admit that there may 
ha a world iu which two and two do nut make tour, 
aud Id which two stiaight lines do not inclose 



a space. In fact tWs qneeltnn with wliich 
1 have lo deal in the three lectures 1 eball have tUo 
hunorot deUverlng before yoQ, this question aa to 
tbe pa'4t order of nature, is essentially a historiMi 
quesliou, and it is one that mnst be dealt with in 
the same way as any historical problem. 

I will, if you please, in tbe first place, state to yon 
what are the views which have been entertained re- 
specting the order of nataire in the past, and thou I 
will consider what evidence is in oorpoasessiOD bear- 
ingtipou thequestioD, and by what light of criti- 
cism that evidence is to be interpreted. So fat aa I 
know, there aro only three views— three hypotheses 
— whit'b ever haTe been entertained, or which well 
can be cutertaiued, respecting the past history ot 



HVPOTHKSEa T 

Upon the first of these the assumption is that tbe 
order of nature which nowobtaios has always ob- 
tained; iu other words, that the present course of 
natnre, the present order of things, has eiistedfrom 
all eternity. Tbe second bypotbesis is that the 
present state of things, tbe present order of nature. 
has bad only a limited duration, aud that at some 
period in the past the state of things wbjob 
we now know— substantially thongh not of 
course in nil its details the state of 
things which we now know— arose and canui 
into existence without any precedent similat 
condition from which it could have proceuded. 
Tbe ttiird hypothesis also assumes that the present 
order of nature has had but a limited duration, but 
it snpposes that the present order of things pro- 
ceeded by a natural process from an antecedent or- 
der, and that from another antecedent order, and so 
on; and that on this hypothesis the attempt tu fix 
any limit at which we could assign the com- 
mencement of this series of changcis is giiveu 
up. I am very anxious that yon shall realiH 
what these three hypotheses actually monni 
that is to say. what tUey involve, if you 
cau imagine a spectator to have been 
ptedent during the period to which they refer. On 
the first hypothesis, however far back in time yoD 
place that spectator, be would have seen a world, es- 
sentially similar, though not perhaps itt all ita de- 
tails, to that which now eiiats. The animals which 
existed would be the ancestors of those which now 
esist, and like them; the plants in lilie manner 
would be such as we have now, and like them ; and 
tbe supposition is that at however distant a period 
of time you place your observer, he would still find 
mountains, lands, and water*, with animal and 
vegetable products flonrishing upon them and 
sporting in them jnst as he finds now. That view 
has been held. It was a favorite fancy of 
antiqnity. and has snrvived along down toward the 
present day, and it is worthy of remark that it is a 
hypothesis which is not knoonsistent with what go- 
ologists are familiar with as the doctrine of Uni- 
formitarianism. That doctrine was held by Button, 
and in his earlier days by Lyell. For HnttUD was 
struck with the demonstration of astronomen that 
the pertDrbations of the planetary bodies, howerec 
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great tbey may be, yet sooner or later riffbted tbem- 
selves, and that tbe solar systoin contained within 
it«elf a self-adJQsting power by which these aberra- 
tions were cured and it brought back to an equi- 
librium. 

Hntton imagined that something of the same kind 
may go on in the earth, although no one recognized 
more clearly than he the fact that the dry land is 
being constantly washed down by rain and rivers 
and deposited in the sea, and that thus in a certain 
length of time, greater or shorter, the inequalities 
of the earth's surface must be leveled and its high 
lands brought down to the sea. Then taking in ac- 
count the internal forces of nature, by which up- 
heavals become seated and give rise to new land, 
these operations may naturally compensate each 
other, and thus substantially for any assigna- 
ble time the general features of the earth 
might remain what they are. And inasmuch as 
there is no limit under these circimistances to the 
successive development of the animals and plants, 
it is clear that the logical development of this idea 
might lead to the conception of the eternity of the 
workL Not that I mean to say that either Hut ton 
or Lyell held this conception— assurwUy not; they 
would have been the first to repudiate it. But by 
the arguments they used it might have been possible 
to justify this hypothesis. 

THE THEORY OF CREATION IN PARADISE LOST. 

The second hypothesis is that to which 1 have re- 
ferred as the hypothesis which supposes that this 
order of things had at some no very remote time a 
sudden origin making it such as it now is. That is 
tbe doctrine which you will find stated most fully 
and clearly iu the immortal poem of John Milton, 
the English Dicina Commedla, " Paradise Lost." I 
believe it is alone through the influence of that 
remarkable work, combined with daily teachings to 
which we have all listened in our childhood, 
that thia hypothesis owes it general wide diflusion 
as one of the current beliefs of English-speaking 
pe<^le. If you turn to the Vllth Book of " Paradise 
Lost " you will find there stated the theorv, the hy- 
pothesis to which I refer, which is this: That this 
visible universe of ours made its appearance 
at no great distance of time from the present 
day, and that the parts of which it is 
composed made their appearance iu a certain definite 
order in the space of six natural days, in such a 
manner that in the first of these days light appeared ; 
in the second, the firmament or sky separate<l the 
water above from the water beneath it ; on the third 
day the waters drew away from the dry land, and 
from it the vast vegetable life which now exists 
made its appearance ; that the fourth day was de- 
voted :o the apparition of the sun, the stars, 
She moon and the planets; that on the fifth 
djij aquatic animals originated within the 
waters; and then on the sixth day the earth 
gave rise to our four-footed terrestrial 
cieaturee and to all varieties of terrestrial 
aiiunals except birds, which had appeared on the 
preceding day ; and finally, man appeared upon the 



earth, and the work of fashioning the universo 
finished. John Milton, as I have said, loaves no 
doubt whatever as to how, in his judgment, these 
marvelous processes occurred. I doubt not that Us 
immortal poem is familiar to all of you, bat I should 
like to recall one passage to your minds in order that 
I may be justified in what I shall hav€r to say. Be- 
garding the perfectly concrete, definite conception 
which Milton had of what he thought had been tlis 
mode of origin of the animal world, he says : 

Tbe sixtb, and of creation last, arose 
Witti ovoninK barps and matin ; when God said, 
'' Let the earth bring forth soul living In her kind. 
Cattle and creeping tbings, and beast of the earth. 
' Eucb in their kind." Tbe eartb obey'd and stralgiift 
Opening her fertile womb, tecm'd at a birth 
Innumerous living creatures, perfect forrDS, 
Limb'd and full-grown; <>ut ox tbe fn:ound up rose^ 
As from bis lair, tbe wild beast, where be wons 
In forest wild. In thicket, bmke, or den; 
Among tbe trees in pairv tbey rone, and walk'd; ■ 

Tbe cattle iu the flelds and mcudows green ; 
Those rare and solitary, tbcse in flocks 
Piisturlug at once, and in broad bords iipspmnjp. 
Tbe fn^twy clods now calved ; now liali appears 
Ttie tawny lion, pawing to K«t free 
BiA binder parts, then spiingH, as broke from bondib 
And rampant shakes his briuded mane; the ooxuMk 
Tbe libbiird, and the tiger, as the mole 
HiAin/z, the onimble<l earth above them threw 
In hilTocka ; the swift sta«r from under ground 
Bore up his branch infc head ; scarce from his monUI 
Behemoth, bigA^est bom of earth, upheav'd 
Ills vastness: fleeci'd the flocks and bleating rose 
A.s plants : ambifOiouR between sea and land. 
The riyer-norae and scaly crocodile. 
At once came forth whatever creeps the ground. 
Insect or worm. 

There is no doubt as to the meaning of that hy- 
pothesis, or as to what a man of Milton's genios 
expected would have been actually visible to one 
who could know and witness the process, the 
origination of living things as he describes it. 

THB EVOLUTION nVPOTUESIS. 

And then comes the third hypothesis, which is the 
hypothesis of evolution, and that supposes that at 
any given period in the past we should meet with a 
state of things more or less similar to the present, 
but less similar in proportion as we go back in time; 
that the physical form of the earth could be traood 
back in this way to a condition in which 
its parts were separated, as little more tlian 
a nebulous cloud making part of a 
whole in which we find the sun and the 
other planetary bodices also resolved; and 
that if we traced back the animal world and the 
vegetable world, we should find pre<'eding what 
now exist animals and plants not identical with 
them, but like thcio, only increasing tlieir difl'er- 
ences as we gi) back in time, and at the same time 
becoming simpler and simpler, until finally we 
should arrive at that gelatinous mass which, so far 
as our present knowlo(l3:o goes, is the common 
foundation of all life. The tendency of science is 
to justify the speculation that that also could be 
traced further back, perhaps to the general nebu- 
lous origin of matter. 

Tlie hypothesis of evolution supposes that in all 
this vast progression there would be no breach of 
continnitv, no point at which we could say " this is 
a natural process" and '* this is not a natural pro* 
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OMB," bftt tliat the whde mfsht be atrictly com- 
p*red to that fronderfnl eeries of chaneea which 
marbeBMUgoinB on eveir ^y under our eye, in 
Tirtne of which there arioes ont of that Mmf-flnid, 
homogeneonx tabHtance which we call an tee the 
complicated organisatiim of one of the bigiber ani- 
mals. That, in a few words, ii what 1« meant by 
the hfpothesia ol evolntion. 

I have already sni^Mted tbnt in iJealinK with 
these three hypotbeeos, endeaTorinK U furm a Jadg- 
meiit as to which of them Istbe more'r'irthy of be- 
lief, or whether none isworthy of belitA, onr condi- 
tlou of mind should be that smipeDBitn of Judgment 
wbich is so difflcalt to all bnt trained'VJndK—lbavo 
anggettedthatin dealing with these fV.tBtioDs we 
■honld be indifferent to all d frioH oonsideTatious. 
The qoeetion is a qneation of fact, biKtoriciil foot. 
The HniTerse has eome into existorce somohow or 
other, and the qnestion is whether tt came into ex- 
istence in one fashion, or whether it came into exist- 
ence Id another ; and as the essentiat pretimionry 
to this consideration permit me to say two or three 
words as t« the nature of historical evidence, and 
the kinds of historical evidence. The evidence as 
to the occurrence of any fact in past time is nf one 
or two kiuds, which, for convenience sake, I will 
apeak of on the one hand as testimonial evidence, 
aod on the other as circumstantial evidence. By 
testimonial evidence I mean hnman testimony ; and 
hyolrcnmstantial evidence I mean evidence wbich 
ia not hnman testimony. Let me illustrate by a 
funilior figure what I mean by these two kinds of 
evidence, and what is to be said respecting their 

BUMAH i.VDCIllcnMSTANTI*l.TESTIMONTCOMPAnEI>. 

Snpposa that, a man telis you that he saw a person 
Htrihe another and kill him : that is testimonial evi- 
dence of the fact of mnider. Bat it is possible to 
have cirenmstantial ev idence ot the fact of murder. 
That is to say, yon may find a man dying nith a 
wound upon his Lead having exactly the form and 
character of the nonod which \n made by nn ax. 
and with dne precaution you may conrlnde irith ttie 
ntmost certainty that the man bnn been 
mnrdered — is dying in cnnBcgueuco of the 
violence inflict«d by that implement. Wo 
are very much in the habit of cousider- 
ing circumstantial evidence as of less value 
than testimonial evidence, and it may bo in many 
cHses where the efrcnmstances arc not pDrfuclly 
clear and perfectly intelligible that it is a dangerous 
and nncertain kind of evidence ; but it must not be 
forgotten that in many eo/ies it is qnite us good as 
testimonial evidence, and that in many ciises it is a 
groat deal better thao testimonial evidence. For ex- 
.tmple, take the case to which I rofcrrPd just now. 
The cirenmstantial evidence is better and more con- 
vincing tlian the testimociil evidence, for it is im- 
possible under the circnmHtanccH that I have mi'ii- 
tionedto snppoM that the man bad mot his death 
from any canso but the violent blow of the ax. 
The cirenmstantial evidence in favor of a mnrder 
having been committed, in that case is as complete 
wid as convincing as evidenoe can be. It is evidence 



which IS open to no donbt and no faldfloation. Rn| 
the testimony of the witness is open to mnttitndi- 
nons doubts. He may have been mistaken. He 
may have been actuated by malice. It has con- 
stantly happeoed that even an accurate man ban 
declared a thing has happened in some particular 
way. when a careful analysis of the circum- 
stantial evidence has shown that it did not happen 
in that way, but in some other way. 

Now we must turn to ourthree hypotheses. l>etms 
first direct your attention to what is to be said al)out 
the hypothesis of the eternity of this state of things 
in whicb we now are. Whatwillfirst strike you ia 
that that Is a hypothesis which, whether true oi 
false, is not capable of veriflcation by evidence ; for 
in order to eecnte testimony to an eternity of 
dn rat ion yon mast have an eternity of wit- 
nesses or an infinity of circn instances, and neither 
of these are attainable. It ie utterly impossibla 
that such evidence should be carried beyond a cer- 
tain point of time, and all that could ho said at 
most would be that there was nothing to contradict 
the hypotbeeis. Bnt when yon look, not to the 
testimonial evidence — wbich might not be good 
for much in this case— but to the circumstantial 
evidence, then you find that this hypothesis is 
absolutely incompatible with that circumstantial 
evidence, and the latter is of so plain and sa 
simple a character that it is impossiblo in any way 
to escape from the conclusions which it force* 
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Yoa aris in fact, all aware that the eraat of the 
earth, the Buiwrflcjal part of the oarth. is not of a 
boDinguDOoiu obaracter, trat that it la made np of 
a numbot of bedi of strata, the titles of the orinci- 
pal groiips of whirh oru placed npoii that diaRram— 
boiU of tuuil. hcfla of Hlnnn, bcdii of clny, of alate, 
of Kianite. and of Torioiu other materials. 

On further einminatloD it la found tliat thcM beds 
of Bolid material ore of exactly tlie enniB nature h 
thMB vhlab are at prMent hcing furmcd under 
knovn condition* at the anrlaco of the earth : 



that that chalk, for oxaraple, vhiob fOrmt a filial 
port of the crctnceooB formation in lome pacta tf 
the world, that that chalk ig identical in Its pbyaleal 
and chemical charactero, oi praeticollr ao, Witb t 
sabstance which ia now being fonned at th» 
bottom of the Atlantic Ocean, and coren 
an enonnone area ; that other bodies' of nek 
are cempara)ile with the sands wbtcb an 
being furmed npon sea-shorM, packed tOgetiMt; 
and so on. ThuH itcnines to be certain that eaeli t( 
these ImmUcb of rock, of which a total of not Imi 
than 70.000 feet ia known, that all these hare beu 
depont-cd and formed by Datnral agendea, eithw 
ontot the wofite and woshinsof the dry land, a 
elseas the product of plants and animala. Now, 
these rocks orstista oref nil of tbe remains ol ""i^'V 
andplanla. Conntleinthonsandsof spedesof anfaadl 
and plants as perfectly recngnizable as thowwUA 
yoa meet with in herbaria at the present day, •■ flu 
shells and remains which yon pick tip apon Oa 
beach — conntlesa thonsands of specie* of tliMe ona- 
tnres have been imbedded in the sand or mod cr 
limestooe. Just aa they ore lieinK imbedded Mnr, 
They fnruiah na with a record which eannot ba 
subject to any misinterpretation, looktns at tt 
broadly, aa to the kind of things that hava 
lived npon the aarface of the earth dtnbic Uw 
time that is registered by this great Uilakneaa of 
stratified rock. The most sapetflcial atadj rf Miiti 
remiains shows as that the animals and planta whieh 
live at the present time have bad only a t ainpuia iy 
dnratinn; that yon will lind them and saobBatiNy 
are for Ihemnst part only in that nppermoat atiak 
here called post-tertiary. As yoa go back In tiaa 
they become scantier, their places are takon byotkc 
forms more diversified, aud in tbe joTMaio and triar 
sic you tiud yet others, different from the oretaeeool 
or tertiary, and from those of tbe preaent dlijr, Md 
BO on ae yon go farther and fatthot baak. Vby. 
then, the circnmstantial evidence absolntelj n*1^ 
tives the conception of the eternity ot the inaaal 
condition of things. Wecan say withoartalntr tM 
such has not been the oonrse of natDre> Wa eaa iv 
with certainty that the present condition of Udnp 
bo* been for a oomparatively abort period, aad 
that so for OS animal and vegetabls naton aia 
concerned, that that has been preoeded. byadiSto- 
ent condition of things. We oan pnrBna tUa bel 
nntil we come to the lowest of atrattflad nidn l> 
which we Inse the indicationa ot life totaUy. 
1'he hypothesis of the eternity of tba piewat COddl* 
tion of things may therefore be pat sot of mnl 
altogether. 

MTLTOs's BrroTnEsia. 
Wenoweome to what I wonldutll UHo^hj^ 
patlicMS—the hypothesis that tbe preaaat oonditiia 
of things has endured for a comparativelj iiiiiil*iit> 
time, and at the eommenecmenl ot tbat tlma cast 
into existence within tbe conrse of aix daya. I 
doubt not that it may have eicitod aomo ■nijria* li 
your mind that I should have spoken ot thil « . 
Hilton's hypothesis rather than tbat I abooll i 
choose the terms whieh are mnoh noio fr 
miliar to you, such as "tba dootdaa of Mi- 



Evideneet of Evolution. 



10 



on,'' or " Uie Biblical doetrine." or " the dootrine 
Unans," all n[ wliiuh terms aa applii^d to tbo tiy- 
theaia to wliich 1 hftTB juat rofened are oertumly 
loh more familiar to you than the titio of tile 
mitODio hyiiothasis. But I have liad what I fanoot 
bat Btiiiilc are vots nelghty rensons for tukirift the 
ooime vhtuh I have poisned. For exampie, 1 have 
diacitrdtHl tlie title ol tlie hypotlioaiH of creation. Ire- 
OMtsem; present huBincss is not with the queBtiau as 
to how nature has originated, as to the causes whicb 
ksrelead to berori ^nation, bat aa to the manueranil 
ecdiHT of her origination. Our present inqairy Is not 
irhytba objcwta which constitute nature cams into 
exiat«nae, tint when they oaute Into existence, and 
ta ^hat order. This la a strictly hiatorlcal question, 
kqiliistion as completely historical as that about the 
dftto at which the Angles sod the Jutes invaded 
England. But the otherquestionalioat creation is 
spbilosopbicalaneHtion, and one which canuotbe 
■olved or approached or touched by the hisMrical 
method. What we want to know is whether there 
Is evidence io the lacla, bo far as thay are known, 
tbkt thioEH arose in the way described by Milton, or 
not; and when that qat^Htioo is settled, it will bv 
Kne enough to inquire as to wliy tliey arose. 

Id tbe second place, I have not spoken of it as the 
-Biblical hypothesis. It is quite true tbat persons as 
dlrenm in their Eoneral views as Milton the Protes- 
tant and the Jesuit Father Suarez agree in giving 
IIm iBt chapter of Geoeeis the interpretation as 
adopted by Milton. It is quite true that that 
bkterpvetation, nnless I mistake, is that which 
hM been instilled into oviTy one of ns In our 
^ildbood: but I do not for one momunt ven- 
b) say tlint it could properly be oalled the 
' doctrine. In the lirst place, it is not my 
to say wtiat the Hebrew text oontaius, and 
what it does not ; and in tbe seocind place, were I to 
iwy that this was the Biblical bypotbesls, I should 
bo met by the authority of many e mine ot scholars, 
toaay notbiugof men of science, who in recent tiiuiM 
iMve absolntuty denied tliat tliis doctrine is to be 
Arand in Oeoesis at alL It we are to listen to them 
wemnat believe that what soem so clearly defined 
•adsyeof creatioo— Qsif very great pains had been 
token that there shonld ba do mistake — that these 
u« not days at all, but periods that vre may luuke 
jnat as long as convenience requires. We are also to 
Anderstand tbat It is consistent with that phraseol- 
ogy to believe tbat phtnU and animals may have 
been evolved by natural processes, lasting for mil- 
lion* of yeaT\ out of similar rudimente. A person 
who Is not a Hi^brew scholar can only stand l>y and 
•doiire the marvelous Hoxibility of a language 
■which admits of snob diverse iutorpretiLUons. [Ap- 
ptaase and laugbtar.] 

PKDf. IICXLKY NOT AS AnTlinRITT OX TOE BIBLB. 

Aasnredly In the face of such conirailictor^ au- 
thority upon matters upon which one is competent la 
form no juilgmeul, he will abstain from griviogony 
opinion, as I do ; and in the third place, I have care- 
folly ubxtaioed from spcjikiDg of this as a Mneaio 
dortrine because we are now assured upon the au- 
thority of the highest critics, and even of 



dignitaries in the Church, that there if 
no evidence whatever that Moses ever wrote this 
nbaptcr, or knew anything abont it, I don't Boy~ 
I give no opinion— it would be an impertinence e upon 
my part to volunteer an opinion upon anch asub- 
Ject. But tbat being the state of opinion among the 
scholars and the clergy, it is well for us the laity, 
who stiiud outside, to avoid entangling ourselves in 
such a veiod question. So as there la a doubt, and 
OS happily Milton leaves n^ no conceivable ambigu- 
ity as to what be moans. I will continne to speak ot 
it as the Miltouion hypothe^iB. [Applause.] 

Now then we have to Fast that hypolbusis. For 
my part I have no nrejadiee one way or the other. 
If there is evidence in favor of this view I have no 
sort ot theoretical difliculties in the way ot accept- 
ing it, but tliere must be evidence. We men ot 
science get an airkward habit — no I won't coll it 
that, for it is a valuable habit--of reasoning 
so that we believe nothing unless them is 
evidence for it, and we have a way ot 
looking npon belief which is not based upon evi- 
dence not only as illogical, but as immoral. Wo 
will, if yott please, test this view in the light Of 
facts, tor by what I have saiil vou will nndorstond 
that I don't propoae to discuss the qncsliou of 
what testimonial evidence is to be adduced in 
favor of this view. It those whose bnm- 
neas it is to judge are not nnited as to tha 
authenticity of the documeut or the foot ua to who 
it is bears witness, the discussion of testimonial 
evidence is supers U01IS. But one regards this leas 
heranse the circnmstantial evideDC«. If carefully 
considered, brings him to the conclusion that th« 
theory is inadequate altogether, and cannot be ad- 
duced. And the oonsiderotiona upon which 1 boso' 
that conclusion are ot the simplest possible 
obaracter. \Vliarever the flexibility of inl«r- 
pretation of Milton's views, it Is quite impoasiblit 
to deny that the kernel of the whole matter is a 
statement OB t« a oertaiu order or sncoesaion of liv- 
ing forma. It is stated that plants, for example, 
mode their appearance npon the third day, and not 
before. And yon will understand that by plants 
was meant the plants which now live— the trees 
and ahrnhs which we now have. It is one of 
two things— cither the existing plants have been 
the result of a separate origination of which wo 
have no record for supposition, or else they have 
arisen by that dreaded process of evolution from the 
origiual stock. And in the second place it is clear 
that there was no nuimal life before the fourth day, 
and then on tbe fourth day marine animals and 
birils appeared. And it is further clear that ter- 
restrial lite mode ite appearance upon the sixth 
day and not before. Hence it follows that 
if in this reoonl. it in thia largo mass of oireum- 
stAntial evideuce ae to what really has happened in 
the past hislory ot the globe — if in that we find down 
to a cnrtain point indications of the existence ot 
terrestrial animals, it is perfectly certain 
that all that has taken pUc« aiuco that time 
must he referred to tlie sixUl day. In this great 
oarbuuiturous formatioa from whence America ho* 
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i derived so vast a proportion of hor actual and po- 
jtential wealth, in that formation and in the beds 
! of coal which are formed from the vegetation of 



I 



,that period, we find abundant evidence of the 
existence of terrestrial animals. They have 
. been described not only by European naturalists 
but by your own naturalists. There are to be found 
in the coal of your own coal fields numerous insects 
allied to our cockroaches. There are to be found 
there scorpions of large size, and so similar to exist- 
ing scorpions that it requires the practiced 
eye of the naturalist to distinguish them— and 
even spiders. Inasmuch as these things can be 
proved to have had full life in the carboniferous 
epoch, it is perfectly clear that, if the Miltonio 
account is correct, those huge rocks extending 
from the middle of the paleozoic formations 
must belong to the day or period which 
is termed by Milton the sixth day of 
the creation. But further, it is expressly 
stated that aquatic animals took their origin upon 
the fifth day, and did not exist before, hence all 
formations in which aquatic animals can be proved 
to exist and therefore lived at the time these 
formations were deposited, all those must have 
been deposited during the time since the period 
which Milton speaks of as the fifth day. 
But there is absolutely no fossiliferous rock in 
which you do not find the remains of marine ani- 
mals. The lowest forms of life in the. Silurian are 
marine animals, and if the view which is enter- 
tained by Principal Dawson and Dr. Carpenter of 
the eozoon be correct, if it is true 
that animal remains exist at a period as 
far antecedent to the deposit in the coal as the 
coal is from us, at the very bottom in a scries of 
stratified rock, in what are called the Laurentian 
strata, it follows plainly enough from this that the 
whole series of stratified rocks, if they are to be 
brought into harmony with Milton at all, must 
be referred to the sixth day, and we cannot hope to 
find the slightest trace of the work of 
the other days in our stratified formations. When 
one comes to consider this, one sees how absolutely 
futile are the attempts that have been made to run a 
I>arallel between the stratified rocks as we know 
them and the account which Milton gives 
of it. The whole series of stratified 
it>cks must be referred to the two last periods. It is 
of course futile to look in carboniferous rocks in the 
mioccne for animals which according to the hypo- 
thesis were of the sixth day. Not only is there this 
objection to any attempt to run a parallel 
between the Miltonio account and the ac- 
tual fiicts, but there is further difiScnlty. 
In the Miltonic account the order in which animals 
should have made their appearance in the stratified 
rock would be this: Fishes, including the great 
whale, and birds; after that all va- 
rieties of terrestrial animals. Nothing oould 
be further from the facts as we find 
them. As a matter of fact we know of not the 
slightest evidence of the existence of birds before 
what are there indicated (pointing to the ohartj 



as the Jurassic, and perhaps the irlassie f onnipi^ 
tions. I 

OTHER FAILURES OF THR MILTONIC THEORY^ , 

If there were any parallel between the Miltonio 
account and the circumstantial evidence, we ouglil 
to have abundant evidence in the devonian, the 
Silurian, and the carboniferous rooks. I need not tell 
you that this is not the case, and that not a trace of 
birds makes its appearance until the far later period 
which I have mentioned. 

And again, if it be true that all varieties of flshea 
and the great whales and the like made their appesr- 
ance on the fifth day, then we ought to find the re- 
mains of these things in the older rooks— in those 
which preceded the carboniferous epoch. Fiahef, ii 
if true, we find, and numerous ones ; bnt the greet 
whales are absent, and the fishes are not 
such as now live. Not one solitaiy epeoiee 
of fish now in existence is to be found 
there, and hence you are introduced again to the 
difficulty, to the dilemma, that either the creatures 
which were created then, which came into existence 
the sixth day, were not those which are found ttl 
present, or are not the direct and immediate piedeoee* 
sors of those which now exist; but in that case yon 
must either have had a fresh species of which 
nothing has been said, or else the whole story mnst' 
be given up as absolutely devoid of any dxoamstan* 
tial evidence. 

I have grouped before you in a few words some 
little time ago a statement of the sum and substance 
of Milton's hypothesis. Let me try now to pat be- 
fore you in a few words the sum and substance of 
the circtimstantial evidence as to the past his- 
tory of the earth which is written without the 
I>ossibility of mistake, with no chance of 
error in the stratified rocks. What we 
find is that that groat series of formations rep- 
resents a period of time of which our human 
chronologies hardly afford us a unit of measure. I 
will not pretend to say how we ought to measnre 
this time, in millions or in billions of years. Hap- 
pily for my purpose and my argument, that is wholly 
unessential. But that the time was enormous, was 
vMt, there is no sort of question. 

We find written upon this record, and as resulting 
from the simplest methods of interpretation, the 
conviction that all that is now dry land has onoo 
been at the bottom of the waters. If I leave 
out of view certain patches of metamor- 
phosed rocks, certain volcanic products, it is 
perfectly certain that at a comparatively recent 
period of the world's history that epoch which 
is written on the chart as the cretaceous epoch 
— it is perfectly certain that at that time none of 
the great physical features which at present mark 
the surface of the globe existed. It is certain that 
the Rocky Mountains were not. It is certain that 
the Himalaya Mount-ains wore not. It is certain 
that the Alps and the Pyrenees had no existence. 
The evidence of the simplest possible character is 
simply this : We find raised up on the crags of these 
mountains, elevated by the forces of nph^val 
which have given rise to them, masses of oretaoeons 
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lock which formod the bottom of the sea before 
those moantaiiis existed. It b therefore perfectly 
dear that tho elementary forces which gave rise 
to those mountains are subsequent to the 
cretaceous, epoch ; that the mountains themselves 
are largely made up of the materials deposited in 
the sea which once occupied their place. We meet 
«8 we go back in time with constant alternations of 
sea and land, of estuary and open ocean, and in cor- 
respondence with these alterations we meet with 
changes in the fauna and flora of the kind I have 
stated. 

But none of these gives us any right to believe, no 
inspection of these changes gives us the slightest 
xight to believe, that there has been any disconti- 
nuity in natural processes. There is no trace of cata- 
clysm* of great sweeping deluge, of sudden destrac- 
■tion of organic life. The appearances which 
were formerly interpreted in that way have 
«11 been shown to be delusive as our 
knowledge has increased and as the blanks 
^between the different formations have been filled 
up. It can now be shown that there is no absolute 
break between formation and formation, that there 
has been no sudden disappearance of all the forms of 
life at one time and replacement by anuchcr, but 
that everjTthing has gone on slowly and gradually, 
that one form has died out and another has 
taken its place, and that thus by slow de- 
grees one fauna has been replaced by another. So 
that within the whole of the immense period indi- 
cated by these stratified rocks, there is assuredly— 
leaving evolution out of the question altoarether— 
not the slightest trace of any break in the uniformity 
of nature^s operations, not a shadow of indication 
that events have followed in other than their 
natural and orderly sequence. 

That, I say, is the most natural teaching of the 
ciroumstantial evidence contained in the stratified 
rock. I leave you to consider how far by any in- 
icennity of interpretation, by any stretching of the 
meaning of language, this evidence can be brought 



into the smallest similarity with that view which I 
have put before you as the Miltonic doctrine. 

There remains the third hypothesis— what I have 
spoken of as the hypothesis of evolutioo ; and I pro- 
pose that in lectures to come we shall consider 
that as carefully as we have considered the other 
two hypotheses. I need not say that it is quite 
hopeless to look for testimonial evidence of 
evolution. The very nature of the case 
precludes the possibility of such evidence. 
Our important inquiry is, what founda- 
tion circumstantial evidence lends to that hypothe- 
sis, or whether it lends any, or whether it contro- 
verts it ; and I shall deal with the matter entirely 
as a question of history. I shall not indulge iu 
the discussion of any speculative probabilities. I 
shall not attempt to show that nature is unintelH- 
gible unless wo adopt some such hypothesis— for any- 
thing I know about it, it is the nature of Nature. She 
has often been puzzling, and I have no reason to 
suppose she is bound to fit herself to our notions; 
but I shall deal with the matter entirely from the 
point of view of history, and I shall place before 
yon three kinds of evidence entirely based upon 
what we know of the forms of animal life 
which are contained in the series of stratified 
rock. I shall endeavor to show you that 
there is one kind of evidence which is neutral, which 
neither helps evolution nor is inconsistent with it. I 
shall then endeavor to show you that there is a 
second kind of evidence which indicates a strong 
probability in favor of evolution, but does not 
prove it; and, lastly, I shall endeavor to 
show that there is a third kind of evidence 
which, being as complete as any evidence which 
we can hope to obtain upon such a subject, and be- 
ing wholly and entirely in favor of evolution, may 
be fairly called demonstrative evidence of its having 
occurred. 

But these matters, ladies and gentlemen, I pro- 
pose to deal with in the next two lectures. 
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THE TPEORY TESTED BY FACTS. 

THREE CLASSES OF EVIDENCE BEARTXO ON THE 
POrNT— MEANING OF TSE FACf THAT CERTAIN 
VEBT ANCIENT SPECIES HAVE NOT CHANOEI>— 
PROBABILITT OF GAPS IN THE HISTORY AS 
SHOWN BT FOSSILS— CERTAIN GAPS FILLED BT 
THE DISCX>VERIES OF PROF. MARSH— BIRDS THAT 
HAYS TEETH— ANIMALS HALF WAY BETWEEN 
BIBDS AND REPTILES. 

Prof. Hnxley^s experience in his first lecture at 
Chickering Hall of the difficulty of making himself 
lieard while the people were entering and finding 
ibeii flisats, was doubtless the occasion of his delay 



of ten minntcs on the eveninff of Sept. 20 in cominS 
on the stage. When he entered, nearly every seat 
was occupied. 

Behind the speaker a larisre frame had been pro- 
vided, on which were hung diagrams illustrative of 
the subjects to bo treated in the lecture. These 
diagrams had been prepared with groat osre and 
accuracy under the supervision of Prof. Ma»h. and 
they were so plainly lettered that there could be no 
possibility of mistaking their titles. Several of 
these diagrams illustrate Prof. Marsh's most recent 
discoveries, and will be quite new to tlie general 
public. The engravings will give a fair notion of 
the drawings. 
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THE LECTURE. 
Ladtfs and Gentlkmkn: In my lecture on Mon- 
day night I pointed out to you that there are three 
hypotheses which may be entertained, and which 
have been entertained, respecting the past history 
of life upon the globe. According to the first of 
these hypotheses, life, such as we now know it, has 
existed from all eternity upon this earth. We 
tested that hypothesis by the circumstantial evi- 
dence, as I called it, which is furnished by the fossil 
remains contained in the earth's crust, and we found 
that it was obviously untenable. I then pro- 
ceeded to consider the second hypothesis, which I 
termed the Miltonic hypothesis, not because it is of 
any particular conse<iuence to me whether John Mil- 
ton seriously entertained it or not, but because it is 
stated in a clear and unmistakable manner in his 
great poem, I pointed out to you that the evidence 
at our command as completely and fully negatives 
that hypothesis as it did the preceding one. And I 
confess that I had too much respect for your intelli- 
gence to think it necessary to add that that nega- 
tion was equally strong and equally valid whatever 
the source froni which that hypothesis might be de- 
rived, or whatever the authority it might be sup- 
ported by. 

THE KVIDKNCE DIVIDED INTO 1HBER CLASSES. 

I further stated that according to the hypothesis 
of evolution the existing state of things was at the 
last term of a long series of antecedent states, 
which, when traced back, would be found to show 
no interruption and no breach of continuity. I pro- 
pose in this and a following lecture to show that, no 
less rigorously, by the evidence at command, and to 
inquire how far that evidence could be said to be in- 
difiercut to it, how far it could be said to be favor- 
able tiO it, and finally, how far it could be said to 
be demonstrative. From almost the origin of these 
discussions upon the existing condition — and the 
causes which have led to it- — of the animal and vege- 
table world, an argument has been put forward 
as an objection to evolution, which we shall have to 
consider very seriously. I think that that argu- 
ment was first clearly stated by Cuvier in his oppo- 
sition to the doctrines pro|)Ounded by his great co- 
temporary, Lamarck. At that time the French ex- 
I>edition to Egypt had called the attention of learned 
men to the wonderful stores of antiquities in that 
country, and there had been brought back to France 
num(;n)us mummified corpses of animals which 
the ancient Epyptians revei"etl and prc8erve<l, the 
date of which at a riMisonable computation— 
a computation, I may say, which nas been verifiwl 
by ail subsequent researches— cannot be placed at 
less than 3,000 or 4,000 years before the time at 
which they were thus brought to light. Cuvier en- 
deavored to ascertain by a very just and proper 
metliod what fonndation there was for the belief in 
a gratlual and progressive change of animals, bv 
comparing the skeletons and all accessible parts of 
these animals, such as crocodiles, birds, dogs, 
cats, and the like, with those which are now 
found livii'.i; In Kg>'pt, and li*j canie to 
btt i4>i:c'iu»icu— .1 conclurJon which hat boon 



verified by all subsequent iMearch— that no 
appreciable change had taken place in tho animals 
which inhabited Efi^pt. And he drew thence the 
conclusion, and a hasty one, that the evidence of 
such fact was altogether against the .doctrine of 
evolution. 

AN ILLUSTRATION FROM NIAOABA. 

The progress of research since Cuvier's time 
haa furnished far stronger cases than those 
which he drew from the mummified bodies of 
Egyptian animals. A remarkable case is to be found 
in your own country in the neighborhood of the 
magnificent Falls of Niagara. In the immediate 
vicinity of the whirlpool, and again upon Qoat 
Island, in the superficial deposits which coyer the 
surface of the soU of the rock in those regions, there 
are found remains of animals in perfect preservatioD 
—shells belonging to exactly the same formji as at 
present inhabit l^e still waters of Lake Erie. It is 
evident here from the formation of the conntiy 
that these animal remains were deposited in the 
beds in which they are found, at the time at which 
the lake extended over the region in which they are 
found, and that involves the necessity that they ex- 
isted and lived and died before the falls had cut 
their way back through the gorge of Niagara ; and 
indeed it is possible to determine that at that time 
the falls of Niagara must have been at least six 
miles further down the river than they are at pres- 
ent. Many computations have been made of the 
rate at which Niagara is thus cutting its way back. 
Those computations have varied greatly, but I be- 
lieve I am speaking within the bounds of pradenoe^ 
If I assume that at its greatest rate of cutting 
back the falls of Niagara have not retreated 
at a greater pace than about a foot a year. Six 
miles, speaking roughly, are 30,000 feet; 30,000 
feet at a foot a year are 30,000 years, and we ars 
fairly justified in concluding that no less a period 
than that has passed since these shell-fish, whose re* 
mains are left in the beds to which we have lefened, 
were deposited. Admit that it is tme that tor that 
immense period of time no change has taken place 
in these animals, there are still stronger evidences 
on this point even than this. As we work onr way 
through the great series of the tertiary formatioD, 
we find species of animals identical with those 
which live at the present day, diminishing in nom- 
l>ers it is true, but still existing in a certain number 
in the oldest of the tertiary rocks. And not only so, 
but when we examine the rocks of the oretaceons 
epoch itself, we find the remains of some animals 
which the closest scrutiny cannot show to be in 
any respect difierent from those which live 
at the present time. That is the case with one of the 
lamp shidls, the t<.>rebratula, which is found in the 
chalk, and which has continued as it was found, m 
with insigniiicaut variation, through to the present 
day. Such is the case with the globigerina^ the 
skeletons of w hich aggregated together form the great 
mass of our chalk in England. That globigeiina 
can be traced down to tho globigerinsB, which 
live at the surface of our great oceans, and the re- 
mains ot which jailing to the liottom of the 
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give rise Ui a. olialk nmtfrliil. So tbnt it must bo ad- 
mtttd tbftt eertnin Bp«de« of creatures livioK at 
the preBent d.iy ehon no Higii of inixlifitiition or 
transformation as tirent na that which ruFric.'s ua 
back to tbe period of chalk; anil we find some 
ffioupe or species bo c]o«el; allied l^ngether tbiit 
it D^eda the eye ot a naturalist to di»- 
tioguiflh tbem one from another, If we pny 
MtentioD to these, we finil that a vastly erealer 
period mnst he allotted in some cHses to tbcao pvv- 
aiirtent fortos. In cbalk itaeK, foreiample, Ibere is 
tbe fish bi'ton^ag to the highest Bmnp of fiebes 
And tbe most differentiated of osseous fishre, which 
SOMbfthenameof Beryx. That fish is one of the 
nioBt beantifal of fossils found in our Enalish i^halh. 
It is au anatomical studj, so far aa the hard part is 
oonoemed. almost as well bb if it were a recent Bsh. 
Wafind that that Hsh is represented at the preueul 
day by very closely allied species whioli are Uyijib 
In the Paoitio and Atlantio Oceans. Wo may go still 
further bacic abont tliis eridence of closely ultied 
■pecdet, and we Ad<1, for examplt?, aa I mentioned 
to yoa in my Urat lecture, that tbe coal de- 
posit in Europe contains the remains of scorpions 
in an admirable state of preservation, and those 
•eorpions are hardly distingnJshable — I do not meao 
to aay that they are not distingnishahle, but they re- 
quire close scrntioy to diBtingnisb Ihcm— from the 
■corpioiiB whicli exist at the present day. 

OrUER IMfiTAKCES OF FER^tSTENT PUItM. 

More than that. At thoveryhottom of the Silurian 
aeries, in what is by some authorities termed the 
Cambrian formaljon, where all signs appear to be 
dying out — even rhere, among the fen and scanty 
kuimal remains which exist, we find species of mol- 
Inscoua animals which are so cloaely allied to existiog 
forma that at one time they were gronped under tbe 
same generic name. I refer to the well-known 
tinifida of the Lingula flags. It was subsequently, 
fn oonseqneuco of tome slight diUereDCos, placed in 
the new genus Lingaleila. Practically it belongs to 
the aame great generic group as the lAHgnla, which 
yon will find at the prceont day upon the ahores of 
Atutralio, And the same thing is exompIiSed if 
we torn to certain great periods of the 
cnrtb'a history— as, for example, thronghoun 
ttiD whole of tbe mesoioio period. TUero 
tn groups of reptiles which begin shortly 
■tier the cummencemiait of this period, as the Ick- 
ihiotauria and the rtenoeauria, and they ahouitd iu 
Tttatnumhera. They disappear with the chalk, and 
thninghont tbe whole of that preat aeries ot rock 
they presmt no im)>ortant mndiUcatiuii. Fnots of 
tbis htuil are uudoobtcilly fatal t^i any form of the 
ddctliue of evolution which neceesitateB the aap|>u- 
Mtion that there is an intrinsic ueceesity on the part 
of vumal forms whii'h once come Into existouco to 
BtidtirKO modification : and they are still more dis- 
Usfftly opposed to any view which should lead 
to tbe belief that the modifleation in diSerent iypes 
af knlmal or vegetable life goes on flquiilly uud 
evaoly. Tbe tacts, as I have placed tbem before 
yoo. would obvloosly contradict directly any suob 



form of the hypothesiB of evolution as laid down ii 
these two postulates. 

Kow the service that has been rendered by Mr. 
Darwin to the doctrine of evolotion in general It 
this: t bat he has shown that there are two great 
factors in the process of evolution, and one of them 
is the teodencv to vary, the existence of wlijeh may 
be proved by observation in all livimi forms; tba 
other is the influence of Bnrronnding conditions itponj 
what I may call the parent form and the variations 
which ore thus evol ved from it. The cause ot that pro-' 
ducdon of variations is a matter not at all properly 
nnderatood at preseut. Whether it depends upon 
some intricate machinery — if I may nae the phruse — 
of the animal form itself, or whether it 
ariset through the influence of conditions upon 
that farm, is not certain, and the question may for 
the present be left opeu. But the important point 
ia the tendency to the production of variations ; 
then whether those variations shall survive and 
supplant tbe parent, oi whether the parent form 
shaU snrvive and supplant the variationa, is a mat- 
ter which depends entirely on surrounding condi- 
tions. If the eurronnding conditions are such that 
the parent form is more competent to deal with 
them and flourish in them than the derived forms, 
then in the atrngglo for existence tbe parent form 
will maintain itself and the derived forms will bo 
exterminated. But if, on the contrary, the coudi' 
lions ore snch as to be better for tbe derived than 
forthe parent form, the parent form w ill be extir- 
pated and the derived form will take iw place. 

In tbe first case there will lie no progression, no 
advance of type, through any imaginable series at 
ages; in the seoond place, there will ho modification 
and change ot form, and thus we see that the im- 
mense amount of evidence brought to show that 
things do in this way take place in nature, pats us 
in such a place that the exist-euoe of these persistent 
typos nt life is no obstacle iu the way of the theory 
of evolution at all. Take the case of these scorpions 
to which I have just reforreiL Ko doubt since the 
carboniferous epoch conditions have existed such as 
existed then when scorpions flourished, in which 
they find themselves better oCT, more competent to 
deal with tbe dlQlonUies intticirway than any kind 
of variation from tbe scorpion type ; and for thali 
reason the scorpion baa pei^ted and has not been 
supplanted by any other form. And there is no rea- 
son in the nature of tbinga why, as long as this 
norld exists, if there bo conditions more favorable 
to scorpions than any variation which way nrisa 
from them, these forms of hfe should not persist. 
utPGRpecnox of the oKOLonia^iL becobu. 

Tbereifoie, this ohjectiou ia no objection at all. 
The fuclfl of this character — and they are nnmerona 
— belong to that oluaa of evidence which I have 
called indifferent. That is to say, they may be no 
direct support to the doctrine of evolution, bnt tbry 
ore perfectly capable ot being interpreted iu oou- 
sistoney with it. There is another order of fiictA ot 
the same kind, and snaceptible ot the same interpre- 
tation. The great group of Xtrnrdg, which abound 
«o much at the present day, extends tliroogh the 
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whole series of formations as far back as what is 
called the Permian epoch, which is represented by 
the strata lying just above the coaL These Permian 
lizards differ astonishingly little— in some respects^ 
from the lizards which exist at the present day. 
Comparing the amount of difference between these 
Permian lizards and the lizards of the present day 
with the prodigious lapse of time between the Per- 
mian epoch and the present age, it may be said that 
there has been no appreciable change. 

But the moment you carry the researches further 
back in time you find no trace whatever of lizards 
nor of any true reptile whatever in the whole mass 
of formations beneath the Permian. Now it is per- 
fectly clear that if our existing pakeontological col- 
lections, our existing specimens from stratified rock, 
exhaust the whole series of events which have ever 
taken place upon the surface of the globe, such a 
fact as this directly contravenes the whole theory 
of evolution, because that postulates that the ex- 
istence of every form must have been preceded by 
that of some form comparatively little different 
from it. Here, however, we have taken in consid- 
eration that important fact so well insisted upon by 
Lyell and Darwin— the imperfection of the geolog- 
ical record. It can be demonstrated as a matter of 
fact that the geological record must be incomplete, 
that it can only preserve remains found in certain 
favorable localities and under particular conditions ; 
that it must be destroyed by processes of denuda- 
tion, and obliterated by processes of metamorphsis 
—by which I mean that beds of rock of any thick- 
ness crammed full of organic remains may yet, either 
by the percolation of water through them or the in- 
fi.ueuco of subterranean heat (if they descend far 
enough toward the center of the earth), lose all trace 
of these remains and present the appearance of beds 
of rock formed under conditions in which there was 
no trace of living forms. Such metamorphic rocks 
occur in formations of all ages, and we know with 
perfect certainty when they do appear that they 
have contained organic remains, and that those re- 
mains have been absolutely obliterated. 

One of the most striking proofs with which I am 
acquainted of the defects of the geological record— 
and I insist upon it the more because those who 
have not attended to these mattt^rs are apt to say to 
themselves, *'Itis all very well, but when you get 
into difficulty with your theory of evolution you 
appeal to the incompleteness aud the imperfection 
of the geological record,'' and I want to make it 
perfectly clear to you that that imperfection is a 
vast fact which must be taken into accouut with 
all our speculations or we shall constantly be going 
wrong. 
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1*RACK8 OF THE BRONTOZOUM. 

You will all see that singular series of tracks 



which is copied to its natural size in the large dla^ 
gram hanging up here, which I owe to the kindness 
of my friend Prof. Marsh, with whom I had the op- 
portunity recently of visiting the precise locality in 
Massachusetts in which those tracks occur. I ana, 
therefore, able to give you my own testimony, if 
needed, that they accurately represent the state of 
things which we saw. The valley of the Connect!* 
cutis classical ground for the geologist. It con- 
tains great beds of sandstone, covering many square 
miles, and which present this peculiarity, that th^ 
have evidently formed a part of an ancient seashore* 
or, it may be, lake shore, and that they have been 
sufficiently soft for a certain period of time to re- 
ceive the impressions of whatever animals walked 
over them, and to preserve them afterward in 
exactly the same way. as such impressions are at 
this very moment preserved on the shores of the Bay 
of Fundy and elsewhere. We have there the 
tracks of some gigantic, animal (pointing to the 
diagram) which walked on its liind legs. You see 
the series of marks made alternately bytheri^t 
foot and by the left foot ; so that from one impres- 
sion to the other of the three-toed feet on the same 
side is one stride, and that stride, as we measured it, 
is six feet nine inches. I leave you, therefore, to 
form an impression of the magnitude of the ereatnre 
which must have walked along the ancient ahoce, 
and which made these impressions. 

Now, of such impressions there are untold thou- 
sands upon these shores. Fifty or sixty diffisrent 
kinds have been discovered, and they cover vast 
areas. But up to this present time not a bone, not a 
fragment, of any one of the great creatures which cer- 
tainly made these impressions has been found ; and 
the only skeleton which has been met with in all 
these deposits, to the present day — ^though they have 
been carefully hunted over— is one fragmentary 
skeleton of one of the smaller terms. What has be- 
come of all these bones f You see we axe not deal- 
ing with little creatures, but animals that make a 
step of six feet nine inches; and their remains most 
have been left somewhere. The probability is that 
they have been dissolved away, and absolutely lost. 

I have had occasion to work at series of fossil re- 
mains of which there was nothmg whatever except 
the casts of the bones, the solid material of the bone 
having been dissolved out by percolating water. It 
was a chance in this case that the sandstone hap- 
pened to be of such a constitution as to set, and to 
allow the bones to be afterward dissolved out. 

Hod that constitution been other than what it 
was, the bones would have been dissolved, the beds 
of saudstoue would have fallen together, become 
one mass, and not the slightest indication that the 
animal had existed would have been discovered. 

I kiiuw of no more striking evidence than this fact 
affords from which it may be concluded, in the ab- 
sence of organic remains, that such animals did ex- 
ist. I believe that having the right understanding 
of the doctrine of evolution on the one hand, and 
having a just estmiation of the importance of the 
imperfection of the geological record on the other, 
would remote all difficulty from the kind of evi 
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diDM to winch I have (liiis lldvorted, and lliiaap- 
imoialion nUuwa na In b«licvo tliat bU Bticb case* 
•m examples of what I may b ere call, and havo 
UUiMta'deBigiuited, negative or indiflcrait eviiience 
—thai is ta say. they is no yray dirnctlr advance the 
theoty of eTolntini), 1)ut tlipj are do obstaclB in the 
Wa^ of oai belief in the doctTine. 

BVIOBNCB OF INTBRJI Kill ATE FORMS. 

I oov pass on to the ooasiderstion of those eauee 
vliiGb ftre not— for the roaaon n'hich I will point oat 
to Jon by und by— deinongtrativB of the tnith of 
ffTolntioD, but which ure snob aa must exist il evo- 
Intloa be true, and which therefore are upon the 
wbolo strongly in favor of the doctrine. If the dnc 
tmie of BToliition be true, it fullowHthat animals 
■ad planta. however diverge they may be — 
bowever diverse the di&i^ront ei"nps of aoi- 
laalti however diverse the different gronps 
ef plants— must liave all bwn connected together 
hy BTodatioDol furma ; so that, from the highest 
*"■""■'*. whatever they may be, down to the 
Iflwiwt speck of gelatlnons matter in which life can 
be maDifeated, there mast be a sore and progressive 
hody of evidence — aseriija of gradationa by which 
jva conid pasa from ono end of the series to the 
aOiet. UndoubUMlly that is a neceaBiiry p<«tulftte of 
the doctrine of evolntiou. But when we look noon 
aolmated natufe as il at present oxigl«, we fiod 
■omething totally different from this. We find that 
•aimaU and plant* full into groupg, the different 
memben of which are protty closely allied together, 
bat which are separated by great breaks 
at Intervals from other itroups. And 1 
ouuiot at present find any intermediate forms 
which bridge over these gaps or intervals. To iOua- 
ttate what I mean ; Let me call yimr attention to 
those vertebrate animals which are more familiar to 
yon. anoh as mammals and birds and reptiliM. At 
ttio prceont day these gronpa of animals are per- 
footly well defiiied from one another. We know of 
no animal now living which In iwy eenae is inter- 
Diediale between the mammal and the bird, 
or between the bird and reptUe. but. on 
tho contrary, there are nctuollyBomevcTy distinct 
and anatomical pocnliuritioa, well defined marks, 
b; which the mammal is separated from the bird, 
and the bird from the reptile. The distinctions are 
apparent and atriking if yon compare together the 
diSsrent divislona of these great groups. At the 
present day there are numeroua forms of what we 
may call broadly the pigtrlbo, and many varieties of 
ruminants. These latter have their def- 
tnito eharactcTistica, aod the former have their 
diatinmitshinK pecnliarities. Jtnt there is nothing 
that comes botweea tbcao ruminanta ondtheothi 
tribe— the pig tribe. The two are distinct. 60 ateo 
la tliia the case between the gmnps of another cl 
—the reptiles. We have crocodiles, liiards, snakoe, 
tiutles, and tertoiaea, and yet there is nothing- no 
onneeling link— between the crocodile and lixard. 
ar between the lizard and anakp. or between the 
make and the crocodile, or between any two of 
thcM groups. They are separated by abxolute 
~ " " It then it cojld be ahown that 



this state of things was from the begin ning—bid 
alwayn existed — it woulit be fatal to the doctrine 
of evolntiou. If the intermediate gradations whloU 
the doctrine of evolution poalalates mast have ex- 
isted between these groups — if they are not to be 
found anywhere in the records of the post histmr ot 
the globe— all that is so much a Htrong and weighty 
argument against evolntlon. While, on the other 
hand, if snch intermediate forms are to be foand, 
tJiat is so -nnch *■» the good nf evolntion, although 
for thj reason which I will pot bi\tore yoa 
by and by, we most be cautious in assuming auob 
fnolo aa prooto of the theory. 

It is a very remarkable fact that, from Ibe first com- 
mencement of the senons study of pu1a>oiituliig7, 
from the time in fact when Cnvier made bis brilliant 
Tcaoarches in respect to aiiimala found in the quarrlea 
of Montmartre — from that time palseontology boa 
showu what she was going to do in this matter, and 
what kind of evidence itlay iuherpowertonrodnae. 
I said just DOW that at the present day the group 
of pig-like animals and the group of mminants ant 
entirely distinct ; bat one of the Srat of Cnvier** 
dispoveriea woa an animal which he called the Ana- 
plothi'rium, and which he showed to be, in a groat 
many important respects, intermediate in its charae- 
tet between the pigs on the one hand and tha 
ruminanlson the other; that in fact research inta 
the history of the past did so far — and to the extent 
which Cnviorindioated— tend to fill np the breach be- 
tween the group of rumiuania and tiie group of piga, 

filKDS AND t(EPTlt.ES. 

All sabanjneut research has also tended in this 
direction ; and at the present day the inveatlgntioiu 
of such men as KUtomeyer and Gaudry have tended 
to fill up and connect, more aiid mole, the gaps in 
our existing aeriea of mammals. But I think it may 
have uu especial interest if— instead of dealing with 
these cases, which would require a great deal of 
tedious oateologieal detail to explain— if I take the 
cascof birds audroptilus—whicbKroaps, at this pcea- 
ent day. aresoclearlydiBtiDgniabed from one another 
that there are perhaps no dussas of animals which 
in popular apprehension ate more completely sep- 
arated. Gii^ as yon are aware, are covered with 
feathers : tbey are provided with wings ; they are 
specially and peculiarly modified oa to their aiit«- 
rlor extremities ; and they walk perpendicnlarlr 
upon two legs ; and those llmba, when they are con- 
sidered anatomically, rTCsent a great number 
of exceedingly remarkable peoaliarities. to which 1 
may have occasion to ailvert incidentally as I go ob, 
but which are not met with even approiitoately io 
the existing form of repliles. On the other hand, 
reptiles, if they have a covoriog at all, have a cover- 
ing of aoatea or bony plates. Ihcy poasess nu wings 1 
they are not volatile, and they have no sooh modb 
lleation of the limbs aa we find in birds. It la itn^ 
poswble to imagine any two gronps apparently 
more deSnitely aud distinctly separated. Aa 
we trace the hiGtory of birda liaok in 
time we find their remains abundant in tha 
torliary rocks throughont thpir whole extent, bnt> 
aofar as anything is known, birda of tbo teitiafT 
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rocks, though retainiiig the same essential character 
aa the birds of the present day— that is to say, the 
tertiary bird coming within the definition of onr ex- 
isting birds— are ab much separated from reptiles as 
OUT existing birds are. A few years ago no remains 
et birds had been f onnd below the tertiar^^ rocks, 
and I am not sure but that some persons were pre- 
pared to demonstrate that they could not have ex- 
isted at an earlier period* But in the last few years 
such remains have been discovered in England, 
though unfortunately in a very imperfect condition. 
In your country the deyelopment of cretacous rocks 
is enormous, and the conditions under which the 
later cretaceous strata have been deposited are 
fi|vorable for the preservation of organic remains in 
a perfect condition, and the researches foil of labor 
and toil which have been carried on by Prof. Marsh 
in these Western cretaceous rocks have rewarded 
him with the discovery of forms of birds of 
which we had hitherto no conception. By 
hia kindness, I am enabled to place 
before you a restoration of one of these extra- 
ttrdinary birds, every part of which can be thor- 
oughly proved and justified. The remains exist 
in' the greatest beauty in his collection. 




RESPERORNIS REGALIS fMarOiy 
A bird about six feet high, a large bird, existed 
during the later cretaceous epoch, and which in a 
great many respects is astonishingly like an existing 
diver or grebe, so like it indeed, that had this 
skeleton been found in a museum. I suppose— 
if the head had not been known— it would 
have been placed in the same general group as the 
divers and grebes of the present day. But this bird 
differs from all existing birds, and so far resembles 
ndptiles in the one important particular that it is pro- 
vided with teeth. These long jaws [referring to the 
picture beiiiod him] are beset with teeth, as in this 
dia^iTam. Here is one of the teeth, and in this par- 
ticular it difiers entirely from any existing 
bird, and it is in view of the 
characteristics of this Hesperomis that 
we are obliged to modify the definition of the classes 
at birds and reptiles. Before the production of a 
creature such as this, it might have been said that a 
bird had such and such characteristics, among which 



were an absence of teeth* but the discovery af a 
bird that had teeth shows at once that there were 
ancient birds that in that particular respect i^k 
proachod reptiles more nearly than any ^xiatiiig 
bird does. 
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ICHTHYORNIS DISPAR (Marth) 
The same rocks have yielded another bird (Ichthy- 
omis) which also has teeth in its jaws, the teeth in 
this case being situated in distinct sockets, while 
those of the swimming bird (Hesperomis) differ es- 
sentially, being in grooves. The latter also had 
smaller wings than thobeof a fiyiDgbird. Ichthy- 
omis also differed in the fact that the joints of 
its backbone— its vertebrse— had not the peculiar 
character that existing birds have, but were con- 
cave at each end. This discovery leads us to 
make another modification in the character of 
the divisions of birds, showing that they are 
not so far off from reptiles. We know nothing 
whatever of birds older than these urtil we come 
down to tl^e Jurassic period, and from that period 



«rp knotr a single liird whirhwaAfinlmaOe known 
by the liDdiiie of a fossil fuittlier. It was t1ioii{tht 
wondctfol that sucli ft periBhuble thing as a fpatiier 
Nhould bo dixcovored and nottiicg 
it wne, and for a long time notliing wna 
known (if this t?itd except its feather. But 
by sod lif one solitary tipi> 
di8(!ovarcd, which is now in tlie British Mi 
That solitary specimoD is nnfortanalely doToid of its 
head, bat tbme is this wonderfol pecii1iarit7 abunt 
the creatnre, thot while so far as its fcot are known 
it has nil the charocterB of a bird, all those pccn- 
liarities by which a bird is distingnistiecl Ptom a 
reptile, when we eiamiDe tbe vertebral colomn, it 
is onlike a bird and like a reptile. It had a long tail 
with a fringe of leathers on oach side. We find 
that division of the wing which oorrespondB 
with tbe hand, and the wing iteelf diffuring In 
some very remarkable reepcots from the structure it 
preB(TDt« iD a tnie bird. In a true bird the wing an- 
ewers to these three fingers — the thumb and next 
two Gogera of mj' band—and tliese bouea behind the 
fingets which I am tonchingare all fused together 
in one mass— anchylosed, or coossiGed, as wo say— 
and (ha whnle apparatus except the thnmb is bonnd 
up in a gtent sheath of integument, which supports 
the feathers of the wing ; the edge of the arm. &c., 
carryinK the feathers. It is in that way that 
the bird's wing becomes an instrument of flight. 
In this bird — the Archieopleryi — the upper arm 
is like that of a bird ; these two fore-arm bones 
are more or leas like that of a bird, but these 
fingers are cot bound together — they are free, 
and they are alt terminated by strong claws not 
like a bird, hut eTidenlly by such a stnicture as 
reptiles poMiesB. so that in this ninglo Aruhmoii- 
leryx you have an animal which becoraeB to a 
certoui exlent tbe midway place between a bird 
and a ti'ptile. It is a bird so fur as 
its hand and limbs are concerned—It is essentially 
and thoroughly a bird in the fact that it iiosaesaes 
feathers, hat it is much more properly a rop- 
G\d in the fact that its antcriur limb has sep- 
arate booes resembling the fore limb of a reptile- 
All these cases, so far as tliey g<<, yon will ob- 
•erve. are in favor of evolution to this extent, that 
they show that in fornmr periods of the 
world's history there were creatures existing 
which overstep the honnils of all existing 
olasees tuid groups and tend to lilt np the 
intervals which at present exist Iwtween them. liut 
wo can go further thau this. It ta pi»>sible to fill up 
the iuterval between birils aud reptiles in a mnch 
moro striking raaoner. I don't say that thu in to be 
dime by looking upon what ore called tbe Pteroilac- 
tyls OS the intermediate form between birds and rep- 
IiIm. Thronghont the whnle series of the 
ttraosoic rooks we mett with some exceoilingly 
'mnvkable Hying creatures, some of which attain 
* Bleat sise, their wings having a span of oTghteen 
oi twenty feet or more, and these are known us 
Pterosanria, or Ptorodnotyls. We find these wilh 
» bird-like head and neck, with a Tcrtebral 
OOlmuu eometiujes termiualed in a short tail. 




iPTERODACTYLUSSPECTABIL(S[r»i»fv«.f 
Like a bird, this creature has a largish brojul^ 
bone, withacreetnpon it aud a shoulder- girdle mnoh 
like a bird t but from that point onward, so far aa I 
can see, special, particular resemblances end. and a 
careful examination of the fore limbs Bbows you 
that they are not birds* wings ; they are eomething 
totally different from a bird's wings. Anil th< 
again (pointing to chart), those are not a bird's p 
terior extremities, but are rather what is termed. 
reptilian. Yon will observe that the fore-arm 
prosonta nothing that I need dwell upon, but 
the bones of the hand are very wonderfuL 
There are four fingers represented. These four 
fingers are large, and three of them, those, wliioh 
answer to these three in my hands, are terminated 
by claws, while the fourth is enorinouslr 
prolonged into a groat jointed style. Nothing 
coald be more unlike a bird's claw than this is. ¥ 
see at once from what I have stated about a bird's 
wing tJiat there could be nothing more nolihe a 
bird's wing than this is. It was concluded 
tiy general reasoning that tbis finger w 
made to support a great web like 
bat's wing. Bpocimens now exist showing 
that this was really the case, that this oreatnre wm 
deroiil of fciitbers, but the fingers supported a vast 
web like a bat's wing. Wo see this ancient reptile 
floated by a similar method, so that the Ptero- 
dnrtyl, sithnugh it is a flying rvptilc, althungb it 
presents some points «[ similarity to birds, yet last 
dilT'^retit from them that I do not think that wt 
have any right to regard it as one of the forms inloi- 
meillato between tbe reptile and the bird. 

PtVOS^tUSS TBIIK INT&nHEDIATR KORIIB. 

Snchintermedrat-e forms are to be found, however, 
bylookinginadiflerentdirfiotion. Through the whola 
scriivt oC mesoKoic roeks there omut reptiles, aom* 
which are of gisonlio dimeusions ; in fiuit, tlwy an 
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reckoned among the largest of terrestrial animals. 
8ome of them are 40 and 50, possibly more, feet 
long. Snch are the igoanodon, the megalosanms, 
and a number of others, with the names of which I 
will not trouble yon. There are great diversities of 
ttraotnre among these great reptiles. Some of 
them resemble lizards in the proiK>rtions of their 
limbs, and have evidently walked on ail f onrs, in 
such respect resembling the existing crocodile; 
bnt in others yon can trace a series of modificsr 
tions. The haonch bone and what we call the 
appendages, the hind limbs, underwent a series of 
lEiodifications, until at length they completely as- 
«imied the character of a bird's hind limbs. 




BIRO 



DINOSAUR 



CROCODFLE 



I here indicate [pomtingto diagram] the hind limb 
«f a crocodile, showing the bones of the hind limbs 
and of the pelvis. These are the haunch bones ; these 
•re the other pelvic bones. Then comes the division 
of the foot which we call the tarsus, the bones 
of which are separate and distinct. Then 
oome the four toes, which exist only in the 
hind feet of the crocodile, and all which are 
«eparate and distinct. The foot is flat on the ground, 
•o that the legs spread out aad the weight of the 
body hangs clumsily between them. 

Contrast this with what we And in the bird. The 
haunch-bone here is immensely elongated, and the 
joints of the back bone between the two haunch- 
bones are united together so as to form a solid sup- 
port, uiK>n which the weight of the body rests. Then 
the thigh bone becomes very short, and has a back 
vidge upon its outer articular surface. At the 
lower end the ridge fits in between the upper 
oxtremity of the small bone and the great bone— the 
fibula and tibia— and makes a kind of spring joint. 
Then this small bone of the leg is quite large above 
and becomes rudimentary below. It runs out into 
a style instead of being long and large, as it is in the 
oase of the crocodile. Then when you come to the 
bones of the foot you find there are no separate 
bones snch as you have here, bnt the end of the 
tibia, the large bone of the leg appears to end in a 
kind of pulley, and that by a single bone sup- 
ported upon all three toes. Upon the extremity of that 
bone are attached these three toes. It is obvious that 
the contrast between the crocodile's leg on the one 
hand, and the bird's leg on the other, is very strik- 
That gap or interval ia completely filled up 



when you study the ohaiacter of the hinder ex> 
tremities in those ancient reptiles which are called 
the Dinosauria. I have here snch a pelvis and auoh 
a hind leu. This bone in the crocodile is represented 
in the Dinosaur by that long bone which approaches 
in form to the corresponding bone of the bird. The 
thigh bone of the Dinosaur lies parallel 
with the same bone as it does in the bird. 
In some of these birds all these four toes are turned 
forward, and they may be reduced to three ; but 
these bones in the Dinosaur become so shaped that 
no motion is possible. Finding this modification in 
the limbs— in the Dinosaur the fore limbs become 
smaller and smaller— the 8ui>pioion naturally arises 
that the animals may have assumed the erect 
position. That view was entertained by Mantel, 
and was also demonstrated to be probable by 
your own distinguished anatomist, Leidy, but 
the discoveries of late years show that in some 
of these forms it was actually so ; that you had 
reptiles then that used their hind legs exactly aa 
birds now do. 




COMPSOGNATHUS LOHGIPES (Wimer) 

'the diagram is a faithful and accurate represen- 
tation of an existing fossil; except for this, that 
whereas in the existing fossil the bones are twisted 
about and out of place, I have put them here in the 
position that they must have had in nature, and now 
you see a creature with a long neck and bird-like 
head, with very small anterior extremities, with a 
slender termination, which is in almost all respects 
like that of a bird, and that animal must as- 
suredly have walked about upon its hind legs, bird 
fashion. Add to this creature feathers, and the 
transition would be complete for the other charao- 1 
ters. The possession of teeth would, as we see, not ' 
separate the creature from the class of birds we hava 
had. We have had to stretch the class of birds to* 
birds having teeth, and so far as the character of the 
skeleton goes we may fairly say that there needs 
here little more than the addition of feathers— and 
whether this creature had them we don't know— to ' 
oonvert it into a bird* 



Evidtnixi v^ Ac.'itliow. 



I lutve Bwd tbftt Uiere can be no qowtion, from ' 
their aoatoiiiicBl atmotoie, tbat tbeae »niTn»i» 
wallted npon their hind legs, and in fact there are to 
be found 1 1 the strata of EoffUnd gigantio f ootateps 
arranged in order like iluB at the fronlozoHm, and 
which there can be uq doabt were made by the 
Dbiomiir, the tsmains of irbiob were foand in 
the same rook. And knowing that these rep- 
tiles that walked upon their bind lega and had 
the eharacter generaUy of birds, did eiiat. it be- 
oomM a yery- important qaeatioii wbetbei those 
tracks in the Conneetiont Talley to nhiob I referred 
loBtnow, and which formerly used to be anhed- 
tatingly Nfened to a class of birds, may not all 
have been made either by tnie reptiles of this Dino- 
sanriui type, or whether. If we conid get hold of 
tbe skeleton which made these tracks, some of 
whiob an marvelotuly like bird's tracks, we should 
not come npon exactly that series of transitional 
forms by wbicb in former days the reptile was con- 
nected with the bird. 

I don't think, ladies and gentlemen, that I need 
insist npoD tbe valae of evidence of tliis kind. Ton 
will observe that aitbongh it does not prove that 
birds have originated from reptiles by the gradnal 
modification of tbe ordinary reptile into a Dino- 
saarian fnrm, and so inb> a bird, yet it does 
■how that that process may possibly have token 
place, and it does show that there existed in 
former timeacreatoiea which filled up one of the 
largeet gaps in existing animate nature; and that 
was exactly the kind of evidence which I stated to 
yon in starling we are honnd to meet with in the 
cocks if the liypothesis of evolation be correct. 




EVIDENCES OF EVOLUTION— III. 

PROP. HUXLEY'S CLOSINQ LECTURE IN HEW-YORK, 



THE DEMONSTRATIVE EVIDENCE. 

HAT IS nE<lDn{BD FOB A DEMOKBTRATION— THB 
nORSB COKBIDBRED FROH AN ANATOMICAI. 
POINT OF VIKW— ORADDAt DEVRLOPMEST OF 



f PKOnfi 

TOED AND FOUR-TOKD BORSEfl — ETOHTTIOS AB 
TltOROUGIILV pnOVBD AS TUB CIJPERMCAN 
THEORY. 

Notwithstanding a threatening sky, Chickering 
Hall was crowded on the evening of 8ept. 22, to hear 
the final lectaie of Prof. Huxley's brief series. Al- 
thongli strictly argumentative in form, tbe lecture 
kept the close attention of the audience Ihrongh- 
ont. Only two new diagrams were used, bnt Prof. 
Huxley made a few drawings on a blackboard. 
More Ireqnent applause was elicited than at the pre- 
vioiiH lectuies. The final sentences, in which he re- 
ferred to bis pleasant experiences during bis visit 
and his preparation for departure at an early honr 



THE LECTURE. 

Ladies and Gentlemen : In my last lecture I had 
occasion to place before you evidence derived from 
fossil remains, which, as I stated, was perfectly con- 
sistent with tbe doctrine of evolution, was favorahlo 
to it, but could not be regarded as the highest kind 
of evidence before that sort of evidence that we call 
demonstrative. 

I pointed ont. in tact, that as we go back in time 
the gnat intervals which at present separate the 
larger divisioiiB of animals become more or less com- 
pletely obliterated by the appearance of interme- 
diate forms, BO that if we take the particular case of 
tepees uid birds, upon which I dwelt at length, we 
findinthemeeomio rooks animals which, if ranged 
in series, wonld so completely bridge over the inter- 
val between the reptile and the bird that it wonld 
he very hard to say when the reptile Mtds 



so 
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«i)d. nhrie Uie bird begiiiB. Kvidence so diatinetlr 
f SToroble as Uiie of evolntion Is fiuweightieT than 
tbut upon which men undnrtake to toy that tbey 
believe many important propositi ana i bat it is not 
the highest kind of oTideDce attained, for this 
rowan, that, a« it happem the intermedJtito forme 
to vhiob I have referred do not occur iu the exact 
order in which they ought to occur, if they really 
had formed atepe in the progreaaion from tbe reptile 
to tbe bird ; that is to say, we And these forma ia 
eotomporaneona deposita, wbereaa the reqiiire- 
raetitt of tbe demouBtrative evideDce of evolution 
demand tbat we sboald And the aeries of gradations 
between one gnnip of aaimals and another, in anch 
order as tbey mtut have followed if they had con- 
fltituled a anocesaion of stages in time, of tbe devel- 
opment of tbe form at which they oltiinately ar- 
rive. That is to aay, tbe complete evidence of 
the evolution of tbe bird from the reptile— what I 
oall tbe demonstrative evidence, because it is the 
highest form of this cloas of evidence— that evi- 
dence shonld be of this cburaoter, that in aome an- 
cient formation reptiles alone ahonid be fonnd; 
in some later formationa hirda should first be met 
with, and in the intermediate forms we shonld dift- 
«OTer in regnlar succession forms which I pointed 
«nt to yon which are intermediate tietweou tbe rep- 
tile and the birds. 

CHABACTBRC3TIC9 OF THR HORKE. 

Tha proof of evolution cannot be complete until 
we have obtained evidence of thia character, and 
that evidence has of late yeara i>een forthcominK in 
oonsiderabte and coutiunally increasing quantity. 
Indeed it ia eomewbat Barpriaing bow large ia the 
quantity of that evidence, and bow aatiafactoty ia 
ita nature, if we oonaidertbat our obtaining snoh 
evidenoe depends npon the occurrence in that par- 
ticniar locality of an undisturbed series deposited 
tbrongh a Ions period of time, which leqnirea tbe 
further condition that each of these deposits should 
be such that the animal remains imbedded in them 
are not much disturbed, and are imttodded in a state 
of gnat and perfect preservation. Evidence of this 
Idnd. OS I have said, haa of late yeam been accumu- 
lating largely, and in reapert to all divisiona of tbe 
animal kingdom. But 1 will select tor my present 
poipose only one particular case, which is more 
adapted to the object I have in view, as it relates to 
the origin, to what we may call the pedigree, of one 
of our moat familiar domeatio nnimala— the horse. 
Bnt I may say that in speaking of the origin of the 
horse I shall use that term in a general aense as 
oquivalcnt to tbe technical term Kquia, and mean- 
ing not what yon ordinarily understand as aucb, but 
also aaaea and their modifications, zebras, &c. Tbe 
lioTse is in many ways a most remarkable animal, 
inaamncb aa it presents us with an example of one 
of the most perfect piecea of machinery in the 
animal kin^om. In fact, among mammala it can- 
not be said that there is any locomotive so perfectly 
adapted lo its poiposea, doing so much work with 
on smalt a quantity of fuel, as this animal— the 
horse. And as a neceasaiy consequence of any tort 



of perfection, of mechanical perfection aa of othera, 
you find that the horse ia a beantiful creature, one 
of themnal beautifnlof all land animals. Look at 
tbe perfect balance of ita form and the rhythm and 
perfection of ita action. Tbe locomotive apparatus 
is, SB yon ateaware. resident In ita slender fore and 
hind limba ; tiiey are flexible and olaalio levers, ca- 
pable of being moved by vpry powerful mnaclea ; 
and in order to anpply tbe engines which work those 
levers with tbe force which they expend, tbe horae 
is provided with a very perfect feeding apparatus, 
A very perfect digeetive apparatus. 

Wlthont attempting to take you very far into the 
region of osteologioal detail, I must nevertbelesa— 
for this qneation depends upon the comparisoa nf 
sucbdetails— trouble you with some points reapeot- 
ing tbe anatomical structure of tbe bone, and more 
eapectally wilh tbnse whioh refer to the strocture of 
ita fore and bind limbs. But Ishall only touch npon 
those points which are absoIut«ly essential to tbe 
inquiry that we have at present pnt. Here [<ahing 
a leg bone of a horse in hia bandj la the l^miJRai of a 
horse. The bone which is cutacroes at thlt point 
is that which answers to the uppcr-orm bone in my 
arm, what you would call tbe humerna. Tbia 
[referring to tbe bonol cnrreapooda with my 
forearm. What we commonly term the knee of the 
horse is the wrist ; itanswera to tbe wrist In man. 
This part of tbe hone's leg- answers to one of the 
human fingers, and tbe hoof which covers this ex- 
tended joint answers to one of my nails. 

Now. there are certain peonliarities about this 
Btmcture bearing relation to farther details of the 
ditterout portions of the human arm (o which I have 
referred. You obacrve that to all appearance |r«- 
feiring to the horse's leg] there is only one bone in 
the forearm. Kevertbeless, at this end I can trace 
two separato portions; this part of the limb 
and the one I am now tonobing. Bnt 
aa I go further down it runs at tbe 
bock part into the general bone, and Ic^'asetoba 
able to trace it beyond a certain point. This large 
bone ia what Is termed the radiua, and answers to 
the bone I am touching in my arm, and this other 
portion of bone oorrasponds to what is called the 
nlna. To all appearance in the forearm of the barae 
tbe ulna is rudimentary and seema to be f osod into 
one bone with the radiua. 

It looks thus aa if the ulna, running off below, 
came to an end, and it very often happens in works 
on the anatomy of the horse that you find tbeae 
facts ore referred to, and a horse ia said to have an 
imperfect ulna. Knt a careful examination shows 
you that the lower extremity of tbe nlna is not 
wanting in tbe home. If you examine a very young 
horse's limb yon will find that thia portion of the 
bone lam now ahowingyou ia sepsruted from the 
rest, and only unites as the animal becomes older, 
and this is, in point of fact, the lower extremity of 
the -jlns : so that we may say that In the horse the 
nlna in tbe middle part becomes tudimentaiy and 
bacomes ouited wiib tba tadios, and so eariy noited 
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*!f!li the loirer OTfTeraity thttt ereiy distinct traco 
of BeporulioD hna vanished. 

TITB FOnT Off TIIB nORSR CONSIDERED. 

I ne«id tint trouble jon wittt tbe structure of this 
portiDii thnt anBwPTB to the wrist, nor with a more 
taW dcaciii'tioii uf Iho Bingiilftr pecnliaritips o£ tha 
pert, boKuuBP we ran do witbottf tliein for the pres- 
ent, bat I will so on to n coonideration of the re- 
DiBrliableieriGs of boaue which t^nniaateB the fore 
limb. We have one coDtinnous serios in the middle 
line wbiiib tonDioateB in the coffin bone of the 
borae npon which tbe weight of Ibe fore port of the 
body is supported. Thia aorios answeta to a finger 
ot nr band, and there are good reoaons— i>erfectl7 
valid and coDTiuoiug reasons, which I need not stsy 
to trouble yon -with— whieh are demonstrative that 
thia answers to the third finger of my hand enor- 
uiouhI; enlarged. 

Ani it lookd at Hrst as if there was only this one 
fiogec in the horse's foot. But if T tnm the sbeLetoa 
ramd. Ilind on each side a bone shaped like a splint. 
Itroad at the upper and narrow at the lower end, 
one on each side. And those bones are obviously 
And plainly and can be readily shown to be the rudi- 
menta of tbe bone which I am now tonching in my 
own hand— the metacarpal bones of the sec- 
ond and of the fonrtb Gngci^-so that we may 
Btty that in the horse's fore limb the radins and ulna 
are fused together, that Ibo middle part of tbe ulna 
n excessively narrow, and that the foot is reduced 
\a the single middle finger, with mdiments of the 
two other fingers, one on each aide of it. Those 
(acts are repcesonted in the diagram 1 now show 
yoii of the recent horse. Here is the fore limb [noint- 
Idk to tbe diagram], with the metacarpal bones and 
the little «Dlint bones, one on each side. It some- 
times happens that by way of a monstrosity you 
maj bare an existing borse with one or other of 
tbeee toes — that is, provided with its terminal joints. 
Let me now point out to you what are tbe charac- 
teaistica of tbn hindlimb. This Ipointing to thedia- 
graml is the shin bone of the horse, and it appears 
Bt first toconstitute thewhnleof tbe log. But there 
ia B little eplint at this point | illustrating] which is 
Ibe rudiment of tbe small bone of the leg— what is 
called tbe fibula~anil then there Is connected with 
tbia great bone a little nodule which represents the 
lower end of the fibnla. in just the same way as that 
little nodule in the fore limb represents tbe lower 
end of the ulna. Bo that in tbe leg we have a modi- 
fication of the same character ba that which exists 
In the fore limb— the supprosslon of the grentor part 
of the small part of the leg and the union 
•f its lower end with the tibia. So, again, 
ire find tbe same thing if we tiira to 
tbe remainder of the leg. This (showing] is 
tbe heel of tbe borKc, and here is the sreat median 
%oti, answering to the third toe in our own toot, and 
liere we have npon each side two little splint bones. 
jtut BB in tbe fore limb, which represent tbe nidi- 
neots of the second and the fourth toes — rudiments, 
that is to say, of tbe metatarsal bonca. the ro- 
inainiDg bones havini; altogether vanished, 
beg jrouT Btteation to these peculiar- 
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ities, because I shitll hare to ref er to tbnm by ai 
by. The result of this niodificatloo is that tbo fore 
and hind limbs are converted into long, solid, 
springy, elastic levers, wlilch are the great instrn- 
meote of looomotion of the horse. 

As might be expected, and as I have already said. 
the aj'piiratua for providing this mnfbiiic with the 
fuel which it requires is also of a very highly difiiir- 
entiatod character. A horse has, or rather may 
have, 44 teeth, but it rarely happens that in oar 
existiug horses yon find more than 40 — forareason 
which I will eommnnieate directly— and in a maro tt> 
commonly bapi'^ns that you find no more than 36, 
because the "tushes," or canine tcetb of Ibo msn^ 
are rarely develiiped. Then there are some cur 
peculiarities about tbme toelb. As every one who " 
has had to do with borties knows, tlie cnttJug teeth 
— the incisors — are six above and six below, 
and those incisors present what is called a "mark:" 
at least, that mark is iianally present in borsM up te 
a certain age. It is a sort of dark patch ooroas 
middle of the toolb. The presence of that dark 
potch arises from a great pocnliarily in tbe Btmo- 
ture uf the horse's tncisiir tooth. It is to fact in u 
tione shaped in this fashion [illnatrating], oonsidei^ 
ably rnrved. and with a deep pit in the middle, and 
then a long fang. In the yonng foal this pit is very- 
deep. As the animal feeds, this space becomes filled 
np with its fodder, that fodder becomes n 
or leas cjirbonized, and then yonhavetbedarkmi 
and the reason the dark mark serves as an indica- 
tion of age, is that as tbe horse feeds, this is more 
more vrorti down, until at last, in an aged horse, the 
tootb is worn beyond the bottom of the pit, and 
the mark disappears. Then, as I said, the male 
horse generally has canine teeth. We need not no- 
tice tbelr structure particularly. lu the female, 
these are rarely present. Following that, you 
may notice a very small and rodimentary 
to<ith, htit that is very often absent. It 
really represents the first tooth of the 
grinding series. Then there are usually to be found 
six great teeth, with exceedingly long crowns. The 
crowns, in fact, are so long tbat tbe teeth take > 
very long time to wear down, whence arises the 
possibility of the great age to which horacssomo- 
times attain. This is abown in the side diagram. 
Then tue pattern and structure of a horse's tooth 
are very carious. The crown of the horse's tooth 
presenta a very complicated pattern i that is to say. ' 
Blipposiog thh) to be one of tbe grinders of the left 
side {illnatrating] abovo. there is a kind of wall like 
a double orescent. Then there are two other 
crescents, which fall in that direction, and thcea are 
complicated by folds, and all the spaces between 
these crescentic rjdges are fill eil uphy akindof booy 
matter which is called cement. Consequently the 
snrfaee of the tootU is composed of very uneven 
materials— of tbe hard mass of the toolb, wbieh is 
called denljne, then a very much harder enamel. 
and a softer c«Bienl betwovn, the practical elfect of 
which ia the same as the lamination of a millatone. 
In consequence of tbe lamination of the millatone 
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tbe ridges wear lees swiftly than the intermediate 
substance, and consequently the 8urfa<se always 
keeps rough and exerts a crushing effect upon the 
grain. The same is true of the horse's tooth, and 
oonseqnently tbe grinding of the teeth one against 
the other, instead of flattening the surface of tb#^ 
teeth tends to keep them always irregular, and that 
has a very great influence upon the rapid mastica- 
tion of the hard grain or the hay upon which the 
horse subsists. 

I think that will suffice as a brief indication 
of some of the most important peculiarities and 
characteristics of the horse. If the hypothesis of 
eyolution is true, what ought to happen when we 
investigate the history of this animal T We know 
that the mammalian type, as a whole— that mamma- 
lian animals— are characterized by the possession of 
a perfectly distinct radius and ulna, two separate 
and distinct movable bones. We know further 
that mammals in general possess flve toes, often 
unequal, but still as completely developed 
as the five digits of my hand. We know 
further that the general type of mammal possesses in 
the leg, not only a complete tibia, but a complete 
fibula. The small bone of the leg is almost always 
smaller than the tibia. The small bone of the leg is 
fts a general rule a i>erfectly complete, distinct, 
movable bone. Moreover, in the hind foot we find 
hi animals in general five distinct toes, just as we do 
in the forefoot. Hence it follows that we have a 
differentiated animal like the horse, which has pro- 
ceeded by way of evolution or gradual modifica- 
tion from a similar form possessing all the 
characteristics we find in mammals in general. If 
that be true, it follows that if there be anywhere 
preserved in the series of rocks a complete history 
of the horse, that is to say of the various stages 
through which he has passed, those stages ought 
gradually to lead us back to some sort of animal 
which possessed a radius, and an ulna, and distinct 
complete tibia and fibula, and in which there were 
five toes upon the fore limb, no less than upon the 
hind limb. Moreover, in the average general mam- 
malian type, the higher mammalian, we find as a 
constant rule an approximation to the number of 
44 complete teeth, of which six are cutting 
teeth, two are caniue, and the others of which 
are grinders. In unmodified mammals we 
find the incisors have no pit, and that 
the grinding *^eoth as a rule increase 
in size from that which lies in front toward those 
which lie in the middle or '>t the hinder part of the 
series. Consequently, if the theory of evolution be 
correct, if that hypothesis of the origin of living 
things have a foundation, we ought to find in the 
series the forms which have preceded the horse, 
animals in which the mark upon the incisor grad- 
ually more and more disappears, animals in which 
the canine teeth are present in both sexes, and ani- 
inals in which the teeth gradually lose the compli- 
cations of their crowns and have a simpler and 
shorter crown, while at the same time they gradual. y 
increase in size from the anterior end of the series 
toward the posterior. Let us turn to the facts and 



see how they bear upon tbe reqidzomenti of fhif 
doctrine of evolution* 
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GENBALOGT OF THE HOBSX. 

In what is called here the pliocene formation, 
that which constitutes almost the uppermost divis- 
ion of the tertiary series, we find the remains of 
horses. We also find in Europe abundant remaini 
of horses in the most superficial of all these forma- 
tions—that is, the i>ost-tertiary, which immediately 
lies above the pliocene. But these horses, which 
are abundant in the cave deposits and in the graveli 
of England and Europe— these horses, of which we 
know tbe anatomical structure to perfection, an 
in all essential respects like existing horses. 
And that is true of all the horses of 
the latter part of the pliocene epoch. 
But in the middle and earlier parts of the pliocene 
epoch, in deposits which belong to that age, and 
which occur in Germany and in Qreece, to some 
extent in Britain, and in France, there we find ani- 
mals which are like horses in all the essential par- 
ticulars which I have jiut described, and the gen- 
eral character of which is so entirely like that of the 
horse that you may follow descriptions given in 
works upon 'the anatomy of the horse upon the 
skeletons of these animals. But they differ 
in some important particulars. There is 
a difference in the structure of the fore 
and hind limb, and that difference consists in this 
that the bones which are here represented by tw« 
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«pIlDto, imperiecl below, arc aa long as the middle 
ii]«t»ciu|>aJ boue. and that attached to tba eitTemity 
of each ia a small toe withitathioe joints of tbo 
■amn general cbaractoi &s tbe midiUe too, ouly r 
mnch amallor, and eo dUpoaed tUat tbey oould hi 
bad BO very little importanoe that they muitt buve 
been rather of the oatiue of the dow clawa nhiclt 
are in the rmninaut omiuala. This Hipporion. or 
European horgo, la fact presents a foot aimilni to 
that whioh you see here reprcaeoted, eicopt that in 
the European Hipporion theaa ainaller fingeia ore 
lurtbei back, and these latocol toes are of smaller 
proporfiODal aze. 

Bat nGvertbeleaa we have hero a horse In which 
the lateral toos, almoat abortive in the oilstiut; 
bone, are fully developed, Oa oarefnl inveatiga- 
tion you find in these animals that also in the foro 
limb the ulna ia very thin, yet ib tiaeeable down to 
the extremity. In tbe bind limb yoa find that tbe 
fibula is pretty much as in l^e horse itself. That is 
tbe kind of equine animal which you 
meet with In these older Pliocene for- 
ma tionsi in which the modem borao 
is already or becomes entirely absent. So you see 
that tbe Hipporion is the form that immodiutely 
preceded tbe horse. Now let oa go a step further 
back [illustrutiuH] to these which are called the 
Miocene formatiouBondwhicb constitute the middle 
port ol the deposita of the tertiary epoch. There 
yon find in some parts of Europe — in Gei'mony, Cen- 
tral Germany, in Fmnce, and in Greece — there you 
find equine animals which diSer essentially from 
the modem home : all that they resemble tJia borbe is 
n the broad featorea of their orgauization. They 
diflei still furtboc in tbe characters of their 
fore and hind limbs, and present important features 
ofdillecence in tbe t«etb. The forms to which I 
r refer are wbat are known to coustitnte the 
(BUIB AneKithcrinm [illastrating]. Wo have these 
M toGfl, and tbe middle toe is smaller in pro- 
portion, the lower toes are larger, and in fact large 
>agh to rcet upon the ground, and to Lave 
fnnotioiiat importance — not on animal with two 
daw claws, but on ouiiual with three 
functional toea. And in the fure arm yoa 
find the nlua a very diaunct bune, quite 
readily distingimhable in its whole length from 
UiepradiuB, but a dU pretty closely united with it. 
Id the hind limb you also meet with throe fonctiouol 
I. There is the aoino slracturo in the llippo- 
ilou's kind limb that there wan in tbe cose of the 
Anchitherium, and in the hind leg the fibula is 
longer. In eouie cases I bare reason to think 
that it la complete ; at any rate this lower end of it 
[illnatratinBl is quite distinctly recognizable as a 
•c^iarable though not exactly separated piece 
bona. But the most cnrions chaugo is 
' Ikftt which is to be foond in the 
liJiftracterof the teeth. Theteetk of the Ancbitbu- 
rium have io tbe first plucc, so far at the inoisora 
>te ooncemed. a more rudimeutaiy pit — tbe pit is 
Vftstly smaller than in tbe horse. 'The canine teeth 
Are present iu both sexes. The molars are short; 
there is no oenieot, and the pattern Is some- 



what like this [drawing on the blackboard]. 
There are two cresoents and two oblique ridgeaj 
while in tbe lower jaw yon have the double 
crcBOont and a very shght complication at the ex- 
tremity. It is quite obvious that this [i'lustrating 
from drawing,] ia a simpler fonn than that. By in- 
creasing the complexity of thoae teeth there we 
have the horse's teeth. These areall the forma with 
which we ore acquainted respecting the post his- 
tory of the horse in Europe. When I happened to 
occupy myaelf with this subject there 
was some difQculty in tracing them, but 
they left no doubt whatever in my miod that we 
hod here a geuoine record of the liistory of tJie evo- 
lution of the horse. Yoa most understand that 
every one of these forms in time has undoubtedlr 
be>come modified into various species and the like, 
and we cannot be absolutely certain that we have 
the exact tine of modidoation, but it 
was perfectly obvloua that we bad here 
io succession, in time, throe forms, funda- 
mentally modified, in the horse type, of which 
tbe oldest came nearer to tbe general mammal — 
was far less modified than the Hipparion and what 
bad taken place afterward. We saw that the ani- 
mals which had existed afterward bail undergoue a 
reduction of their limbs and toes, a reduotion of the 
lower bones of the hind leg, a more complete ooales- 
caaco of the fibula with tbe tibia. The pattern of the 
molar teeth had become more complicated and the 
entire space hod becoiuo filled with cement. 

Consider what other alternative hypothesis Ilea 
open to yon unless yon admit this. In this succtiB- 
sion of forms you have exactly that which the 
hypothesis of evolution demands. The history gof- 
respoada exactly with that yoa would construct 
h priori from the priaciplcs of evolution. An al- 
ternative hypothesis is hardly conceivable, but the 
ouly onu that conld be framed would be this, that 
the Anobitherinm, the Hipparian, and the horse had 
been created separately and at separate epochs of 
time, and for that there ouiild bo no scientific evi- 
dence. And in the first place it is not pretended 
that there is the shgbt«st evidence of any other 
kind that such sncccssivo creation has ever taken 
place. When 1 was inveatieatiug this subject all 
tbe collections in Kurope were accessible to me, and 
they hod led myself, and I may say, as I happen 
to know by correspondenoo with him, had also led 
that very eminent anatomist ProL Lartet of Paris 
to the sauie eonctusions. Indued, the suiiT ia so, 
plain that no one deserves auypurtivular credit foil 
drawing so obvious a conclusion. And since then,! 
palieoatobgioal inquiry bos not only given dsI 
greater and greater knowledge of the aeries 
of burae-like forms, but by and by cnabtod 
OS to fill up the gaps in the series, andi 
to extend that aeries further back in Uin&l 

FOSSIL nOItSES IN lUSHICA. , 

That knowledge has recently come to os, and a»« 
snredly from a most oucxpected quarter. Ton arei 
all aware that when this oonutry was first disoovJ 
oreil by Europeans there were found no traces uf tlwj 
existeuco of Iha horse in any part of tho American oojjf 
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Unent. And, as is well known, the acconnts of tiho 
earlier discoverers dwell upon the astonishment of the 
natiyes when they first became acquainted with that 
astounding phenomenon— a man seated upon a horse. 
Neyertheless, as soon as geology began to bo pursued 
in this country, it was found that remains of horses— 
horses like our European horses— like the horses which 
exist at the present day— are to be found in abun- 
dance in the most superficial deposits in this country, 
just as they are in Europe. For some reason 
or other— no feasible suggestion on that subject, 
so far as I know, has been made— but for some reason 
or other the horse must have died out on this conti- 
nent at some period preceding— how long we cannot 
say— the discovery of America by the Europeans. 
Of late years there have been discovered on this 
continent— in your Western territories— that 
marvelous thickness of tertiary deposits to 
which I referred the other evening, which gives 
US a thickness and a consecutive order of tertiary 
rocks admirably calculated for the preservation of 
organic remains, such as we had hitherto no concep- 
tion of in Europe. They have yielded fossils in a 
state of preservation and in number perfectly unex- 
ampled. And with respect to the horse, the re- 
searches of Leidy and others have shown 
that numerous forms of the fossil horse 
have existed among these remains. But it 
is only recently that the very admirably 
contrived and most thoroughly and patiently worked- 
out investigations of Prof. Marsh have given us a 
just idea of the enormous wealth and scientific im- 
portance of these deposits. I have had the advan- 
tage of glancing over his collections at New-Haven, 
and I can truly and emphatically say that, so far 
as my knowledge extends, there is nothing in 
any way comparable to them for extent, or for 
the care with which the remains have been got to- 
gether, or for their scientific importance to the series 
of fossils which he has brought together. [Applause.] 
That enormous collection has yielded evidence of the 
most striking character in regard to this question of 
the pedigree of the horse. And, indeed, the evidence 
which Prof. Marsh has collected tends to show 
that you have in Ameiica the true 
original seat of the equine type— the country 
In which the evidence of the primitive life and modi- 
fication of the horse is for better preserved than in 
Europe; and Prof. Marsh's kindness has enabled 
mo to put before you this diagram, every figure in 
which is an actual representation of a specimen 
which is preserved in New-Haven at this present 
time. The succession of forms which he has brought 
together shows, in the first place, the great 
care and patience to which I have referred. Sec- 
ondly, there is this pliocene form of the horse 
{FUohippus), the confunnation of its limbs presents 
some ver>' slight deviations from the ordinary horse, 
and with shorter crown of the grinding teeth. Then 
comes the form which represents the European 
Hipparion, which is the rrotohippus, having three 
toes and the forearm and leg and teeth to which I 
have referred, and which is more valuable than the 
j^aivpesa Bipjuaion tor thin reason; it ia devoid of 



some of the peculiarities of that form, peculiarities 
which tend to show that the European Hipparion is 
rather a side branch than one in the direct line of 
design. But next comes the form of Miokippus 
which corresponds pretty nearly with what I men- 
tioned as the Anchitherium of Europe, but which 
has some interesting peculiarities. It presents three 
toes— one large one and two lateral ones— and the 
fourth toe, which answers to the little finger of the 
human hand, but there is only a rudiment of this, as 
in the lateral toe of the horse. This is, however, as 
far as European deposits have been enabled to carry 
us with any degree of certainty in the history of 
the horse. In this Amerioau tertiary, on the 
contrary, the series is contiuued evenly down to the 
bottom of the eocene, and these older rocks yield 
these remains. The miocene form termed Meao- 
hippiu has three toes in front and a large splint fojr 
the rudiment representing the little finger, and three 
toes behind. The radius and ulna ore entire and the 
tibia and fibula distinct, and there are simply an 
chitheroid short crowned teeth. 

But this is probably the most important discovery 
of all— the OroAti>pu«— which comes from the oldest 
part of the eocene formation, and is the oldest one 
known. Here we have the four toes on the front 
limb complete, three toes on the hind limb com- 
plete, a well-developed ulna, a well-developed 
fibula, and the teeth of simple pattern. So you 
are able, thanks to these great researches, to show 
that, so far as present knowledge extends, the history 
of the horse type is exactly and precisely that which 
conld have been predicted from a knowledge of the 
principles of evolution. And the knowledge we now 
possess justifies us completely in the anticipation 
that when the still lower eocene deposits and 
those which belong to the cretaceous epoch have 
yielded up their remains of equine ftTiim^lii, -we 
shall find first an equuie creature with four toes in 
front and a rudiment of the thumb. Then probably 
a rudiment of the fifth toe will be gradually sap- 
plied, until we come to the five-toed animals, in 
which most assuredly the whole series took its origin. 

VALUE OF TUI8 EVIDENCE. 

That is what I mean, ladies and gentlemen, oy 
demonstrative evidence of evolution. An inductive 
hypothesis is said to be demonstrated when the 
facts ore shown to be in entire accordance 
with it. If that is not scientific proof, 
there are no inductive conclusions which 
can be said to be scientific. And the 
doctrine of evolution at the present time rests upon 
exactly as secure a foundation as the Copemican 
theory of the motions of the heavenly bodies. Its basis 
is precisely of the same character— the coincidence 
of the observed facts with theoretical requirements. 
As I mentioned just now, the only way of escajte, 
if it be a way of escape, from the conclusions which 
I have just indicated, is the supposition that all 
these different forms have been created separately 
at separate epochs of time, and I repeat, as I said 
before, that of such a hypothesis as this there 
neither is nor can be any scientific evidence, and 
assuredly, so far as I know, there is none which is 
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supported or pretonda to be supported by evidence 
or authority of any other kind. I can but think 
that the time will come when such suggestions as 
these, such obvious attempts to escape the 
force of demonstration, will be put upon 
the same footing as the supposition 
by some writers, who are, I believe, 
not completely extinct at present, that fossils are 
not real oxisteuccs, are no indications of the exist- 
ence of the animals to which they seem to belong ; 
but that they are either sports of nature or special 
creations, intended— as I heard suggested the 
other day — to tost our faith. lu fact, 
the whole evidence is in favor of 
evolution, and there is none against it. And I say 
that, although perfectly well aware of the seeming 
difficulties which have been adduced from what ap- 
pears to the uninformed to be a scientific founda- 
tion. I meet constantly with the argument 
that this doctrine of evolution cannot be 
correct, because it requires the lapse of a period 
of time in which duration of life upon the earth is 
inconsistent with the conclusions arrived at by the 
astronomer and the physicist. I may venture to say 
that I am familiar with those conclusions, inasmuch 
as some years ago, when President of the Geological 
Society of London, I took the liberty of criticising 
them, and of showing in what respects, as it ap- 
peared to me, they lacked complete and thorough 
demonstration. But putting that point aside alto- 
gether, suppose that, as the astronomers, or some of 
them, and some physical philosophers tell us, it 
is impossible that life could have endured uiK>n 
the earth for as long a i>eriod as is required by the 
doctrine of evolution— supposing that to be proved, 
what I want to know is. What is the the foundation 
for the statement that evolution does require 
so great a time f The biologist knows nothing 
whatever of the amount of time wliich may 
be required for the process of evolution. It is a 
matter of fact that those forms which I have de- 
scribed to you occur in the order which I have 
described to you in the tertiary formation. But 1 
have not the slightest means of guessing whether 
it took a million of years, or ten millions, or a hun- 
dred millions of years, or a thousand milhons 
of years to give rise to that series of changes. As a 
matter of fact the biologist has no means of ar- 
riving at any conclusion as to the amount of time 
which may be needed for a certain quantity of 
organic change. He takes his facts as to 
time from the geologist. The geologist, taking 
into consideration the rate at which deposits are 
fonned and the rate at which denudation goes on 
uiK>n the surface of the earth, arrives at certain cou- 
clusions more or less justifiable as to the time which 
ifl required for the deposit of a certain amount of 
locks, and if he tells me that the tertiary formation 
leqoired 600,000,000 years for its deposit, X sup- 
pose he has good ground for what he says, and I 
take that as the measure of the duration of the 
evolution of the horse from the orohippus up to 
its present condition, and if he is right, un- 
doubtedly evolution ia m very slow procosa and 



requires a great deal of time. But suppose now that 
the astronomer— or for instance, my friend Sir Wil- 
liam Thompson— comes to me and tells me that my 
geological friend is quite wrong, and that he has 
capital evidence to show that life could not possibly 
have existed upon the surface of the earth 
500,000,000 years ago, because the earth 
would have been too hot to allow of life. 
My reply is, "That is not my affair; settle 
that with the geologist, and when you settle that be- 
tween yourselves I will agree with any conclusion." 
We take our time from the geologist, and it is mon- 
strous that, having taken our time from the 
physical philosopher's clock, the physical philoso- 
pher should turn roimd upon us and say 
we are going too fast. What we desire to prove is, 
is it a fact that evolution took place f As to the 
amount of time it took for that, wo are in the hands 
of the physicist and the astronomer, whoso business 
it is to deal with those questions. 

FAREWEIX WORDS. 

I think, ladies and gentlemen, that I have now ar- 
rived at the conclusion of the task which I set be- 
fore myself when I undertook to deliver these lec- 
tures before you. ^ly piiriK>se and object 
has been, not to enable those of you who 
have not paid attention to these subjects 
before to leave this room iu a condition 
qualiiicd to decide upon the validity or the in- 
validity of the hypothesis of evolution, but to put 
before you the principles by which all such hypothe- 
ses must be judged; and furthermore, to make 
apparent to you the nature of the evidence and 
the sort of cogency which is to be ex- 
pected and may be obtained from it. To 
this end I have not hesitated iu regarding you as 
genuine students and persons desirous of knowing 
the tnith. I have not hesitated to take j'on through 
arguments, and long chains of arguments, that I fear 
may have sometimes tried your patience, or to havo 
inflicted upon you details which could not possibly 
be escaped, but which may well have been weari- 
some. But 1 shall rejoice — I shall consider I 
have done you the greatest service which it was in 
my power in such a way to do— if I have thas con- 
vinced you that this great question which we aro 
discuiviing is not one to be discussed, dealt with— by 
rhetorical flourishes or by loose and superficial 
talk, but that it requires the keenest attention 
of the trained int-ellect and the patience of the 
most iiccurato observer. [Applause.] 

I did not, when I commenced this series of lec- 
tures, thiuk it necessary to preface them witli 
a prologue, such as might bo expected fi*o:.i 
a stranger and a foreigner; for during my 
brief stay iu your country I have found it very 
hard to believe that a stranger could be pos- 
sessed of so many friends, and almost harder 
to imagine that the foreigner could ex- 
press himself in your language in such a 
way as to be so readily intelligible to all appear- 
ance ; for, so far as I can Judge, that moat intelligent 
and perhaps 1 may add most singularly active and 
enterprising body of the preaa, your press reporter^ 
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